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NUCLEAR ENERGY DEVELOPMENTS AND 
OCEANOGRAPHY 


OLLUTION of the sea by the disposal of waste 
is not a new danger. A small population or a 
small factory can discharge sewage and effluent with 
simple precautions, but the problem becomes greater 
when the towns grow and the industry develops. 
Open coasts, washed by strong tides and currents, 
are not easily spoilt, but harbours, estuaries and 
sheltered basins in less free communication with the 
ocean are soon made unwholesome. Shellfish become 
tainted, fish cannot live in or pass through the 
estuary, and contamination may grow to offend the 
local population and make them fear infection. Many 
world ports have no fish, and are dangerous to 
bathers. Some are bad enough to take the paint off 
a ship’s bottom. 

These hazards are being tackled with determination 
in all countries. In the United Kingdom the Water 
Pollution Research Laboratory has made detailed 
investigations in the Thames and Tees and many 
other places, and in co-operation with responsible 
authorities and the chemical industry does much to 
prevent worse conditions. In comparison with such 
imminent dangers, the present threat from atomic 
waste is small. Although it is a great potential 
hazard, our most forthright and resolute branch of 
science is involved as well as international con- 
siderations, and it has been approached with great 
| caution from the start. It cannot be ignored until 
| it becomes formidable, and it cannot be combated 
by short-term measures based on inadequate know- 
| ledge and reached under pressure from interested 
| parties. F. R. Farmer’, giving an account of the 
| problem of liquid and effluent disposal at Windscale, 
shows that extensive investigations were made of the 
| Offshore tidal streams, together with prolonged 
studies of mixing and circulation of the water by 
releasing fluorescein and tracing its dilution, and 
wide sampling and careful analysis of fish, seaweed 

and bottom mud ever since operations started. 
_ Similar care is being taken in all other aspects of the 
| problem, and Sir John Cockcroft? has assured us that 
the discharge from processing plants and power 
stations is too small to produce harmful effects. 

International and national bodies are now asking 
for the extension of similar basic studies all over the 
oceans, feeling that pollution in one part would 
sooner or later affect the whole. Some work has 
already been done in the deep ocean. American 
investigations following weapon tests in the Pacific 
Ocean have shown that even large amounts of surface 
activity are dispersed fast enough to remove direct 
hazards. Indirect effects due to the absorption of 
activity by plants and animals are more difficult to 
assess ; we must be sure that no ill effects arise from 
the continued introduction of wastes that are ‘safe’ 
from the point of view of direct hazard to health. 
There is no conclusive evidence that marine resources 
have suffered, but a clear indication that the question 


needs closer investigation. Conditions in the depths 
of the ocean must be studied as well as those at the 
surface: countries developing the uses of atomic 
energy have had to dispose of some waste by deep- 
sea burial in special containers, and the need may 
increase. 

The United States National Academy of Sciences — 
National Research Council has established six stand- 
ing committees to consider the whole problem of 
atomic radiation from the points of view of genetics, 
pathology, agriculture and food supplies, oceano- 
graphy and fisheries, meteorology, and the immediate 
effects of disposal and dispersal. The report of the 
Committee on Effects of Atomic Radiation on 
Oceanography and Fisheries has recently become 
available*. Its thirteen chapters are signed by 
members of the Committee and consultants; they 
all have experience in marine research. It amplifies 
a summary report published in 1956. 

In an outline of the general considerations, Dr. 
Roger Revelle, director of the Scripps Institution of 
Oceanography, chairman of the Committee, is helped 
by Dr. Milner B. Schaefer, of the Tuna Commission. 
They summarize what we know about the ocean and 
its physical, chemical and biological processes and 
show how they are likely to be affected by the intro- 
duction of radioactive material. They emphasize the 
Committee’s general conclusion that present know- 
ledge of the physics, chemistry, geology and biology 
is not sufficient to ensure safe disposal of the large 
quantities of radioactive waste that may be expected 
in the future, and its conviction that a co-operative 
programme of long-term research to improve our 
understanding of the natural processes is better than 
effort directed towards ad hoc solution of immediate 
engineering problems. They recommend that inter- 
national effort should be developed on an urgent 
basis, feeling that we shall indeed be fortunate if the 
required knowledge is available at the time when the 
practical engineering problems have to be faced. 

Their review of what we know about the rate of 
diffusion and dispersion in the deep layers, the rate 
of exchange between the deep and surface waters, 
and the paths and speeds of water in different parts 
of the oceans, reveals the growing interest and 
promise of the work of the past few years as well as 
the need for more effort along the same and new 
lines. It is clear that the problem of estimating or 
surveying ‘rise up’ from a contaminated deep layer 
would be more difficult than measuring ‘fall out’ 
from the stratosphere and just as important, because 
all our food fishes live in the surface layers. Since 
the most productive fishing grounds occur where 
upwelling water brings nutrient salts from the deep 
water and the sea floor, they might be the first to 
suffer. 

The introduction of radioactive materials into the 
ocean will give oceanographers a new tool for studying 
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the circulation system, the rate of horizontal and 
vertical diffusion and some of the chemical and bio- 
logical processes. To this end, as well as to keep a 
check on pollution, the Committee recommends to 
the National Academy that a national agency be set 
up with adequate authority, financial support and 
technical staff to regulate and maintain records of 
all disposals, and that continuing scientific and 
engineering studies be made of the resulting effects 
on the sea. It asks for immediate action, because 
increasing radioactive contamination of the sea and 
atmosphere will make many of the necessary experi- 
ments impossible after another ten or twenty years. 
It emphasizes that international collaboration is as 
necessary for developing safe means for disposal as 
for formulating possible conventions based on what 
we know already. 

The United Nations Organization has set up a 
Scientific Committee on the Effects of Atomic 
Radiation which works in co-operation with its 
Educational, Scientific and Cultural Organization, 
the Food and Agriculture Organization and the 
World Health Organization, and this Committee 
also emphasizes the need for more systematic study 
of the basic physical, chemical, geological and bio- 
logical problems. The American report gives a very 
useful summary of the present state of knowledge 
and of what we want to know, and the researches 
that it recommends will confer many other benefits 
on mankind besides providing part of the basis for 
atomic waste disposal. It places strong emphasis on 
the need for a better understanding of the mixing 
and circulation of the water, and this is what is 
needed for a more adequate attack on all problems 
of pollution of the sea. 


1 Farmer, F. R., “The Problem of Liquid and Gaseous Effluent Dis- 
posal at Windscale”, Proc. Inst. Civ. Eng., 6, 21 (1957). 

* Cockcroft, J., Nature, 180, 64 (1957). 

*“The Effects of Atomic Radiation on Oceanography and Fisheries’’. 
Pp. ix+137. (Publication No. 551.) (Washington, D.C.: National 
Academy of Sciences—National Research Council, 1957.) 2 dollars. 


THEOPHRASTUS ON STONES 


Theophrastus on Stones 

Introduction, ‘Greek Text, English Translation, and 
Commentary. By Earle R. Caley and John F. C. 
Richards. Pp. ix+238. (Columbus, Ohio: Ohio 
State University, 1956.) 6 dollars. 


EOLITHIC man exercised care in his choice of 


stones suitable for making tools and weapons, 
using many varieties; and it : 3 been established 
that he carried out an extensive trade in such 
materials. The coming into use of copper, bronze and 
iron implements in remote ages in Europe, especially 
in the Mediterranean region, implies that a more 
extensive knowledge of the great variety of naturally 
occurring stones and minerals, and of their uses, had 
been acquired by the craftsmen of the early civiliza- 
tions. Metallic ores were widely known ; stones were 
used for building and ornamental purposes; and 
precious and semi-precious stones were employed for 
mak:ng seals, amulets and personal ornaments. It 
is therefore not surprising to learn that Pliny, in the 
chapters on precious stones and other mineral 
substances in his “Natural History”, written during 


NATURE 


June 21, 1958 


the first century of the Christian era, makes reference 
to some twenty authors who had written on these 
subjects, some earlier than Theophrastus. Unfortun- 
ately, of these the work of Theophrastus (c. 370-287 
B.C.) alone has been preserved, and that in a very brief 
and possibly fragmentary form. In fact, the editors 
of this new edition suggest that the surviving text 
may be only the lecture notes used by Theophrastus 
himself, or recorded by one of his pupils. The 
Greek text, as reprinted in this edition, occupies but 
twelve pages, and the new English translation only 
sixteen. In spite of its brevity, however, Theo- 
phrastus’ work is of great importance, for it is the 
earliest known work on the subject. It is of special 
interest to geologists and mineralogists ; and it also 
records information bearing on the practice of 
chemical technology at the time it was written. 

This new translation is based on three early 
manuscripts, differing little one from another, which 
are in the Vatican Library. One was possibly written 
as early as the twelfth century and the other two in 
the fifteenth. Internal evidence, the editors state, 
indicates that the treatise was written originally near 
the end of the fourth century B.c., well within the 
life-time of Theophrastus. A number of printed 
versions have appeared at intervals from the end of 
the fifteenth century onwards, either in the original 
Greek or in translation into Latin, German, French 
or English. The first English translation, made by 
John Hill, an eighteenth-century naturalist, was 
published in 1746, and was re-issued in 1774. 

The present volume contains the Greek text, an 
entirely new translation, and an extensive critical 
commentary, the latter occupying the greater part of 
the book. There are also Greek and English indexes. 
It was prepared as a result of collaboration between 
several scholars. The project was commenced in 
1934 by E. R. Caley, of the Department of Chemistry, 
Princeton, and 8. H. Weber, of the Department of 
Classics. It was not until 1946 that they learned that 
the late Prof. T. T. Read, of the School of Mines, 
Columbia University, and J. F. C. Richards, of the 
Department of Latin and Greek, were also preparing a 
translation. Eventually, it was left to the first and 
last of these authors to complete the task. 

The text of Theophrastus’ little treatise leaves us in 
no doubt as to the wide variety of rocks and minerals 
with which his contemporaries were familiar; and 
that their differing properties were the subject of 
intelligent study. Physical properties that could be 
determined without the use of modern instruments are 
recorded. These include colour, transparency, the 
presence of crystal faces, texture hardness, density, 
fusibility, combustibility, and the power of attraction 
exercised by amber, and the lodestone. There is 
relatively little about the supposed magical and 
curative properties of minerals which form the main 
subject-matter of so many later works on the subject. 
There is, unfortunately, no discussion of the geological 
mode of occurrence of the materials described, though 
there are one or two references to certain substances 
occurring in veins or seams. Yet one is left with the 
tantalizing feeling that, at the time Theophrastus 
composed his treatise, much more was known about 
mineralogy and geology than he includes in his short 
exposition of these subjects. The references to tech- 
nical processes in use at the time, though few, are of 
considerable interest. They include what the editors 
state is the first description of a practical method 
for isolating the metal mercury from its ore 
cinnabar. 
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If we are still left guessing, in many instances, as 
to what really was the nature of particular rocks and 
minerals described, this is inevitable. To arrive at 
the precise meaning of terms used in an ancient text 
on mineralogy, petrography and related subjects 
must always be a matter of great difficulty, even 
when, as in the preparation of this book, scientist and 
classicist have collaborated. The names used for 
common rocks, minerals and ores often bear no 
resemblance to those in use to-day, or when they do 
they may refer to different substances, or to more 
than one substance. In the English text where no 
certain translation can be given, the original Greek 
terms, transliterated into Roman characters, have 
been retained ; and probable or suggested meanings 
are discussed in the commentary. By using this 
commentary at least some pitfalls can be avoided, 
such as the assumption that smaragdos is neces- 
sarily equivalent to emerald. 

The editors have brought wide knowledge to bear 
on the problems raised. Their discussion of these 
problems, as well as the text itself, will have a 
permanent value for reference purposes, and their 
book is a notable contribution to the source 
material for the history of science. V. A. EyLEs 
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SOCIOLOGY OF STATISTICS 


Statistical Theory 

The Relationship of Probability, Credibility and 
Error. By Prof. Lancelot Hogben. Pp. 510. (London : 
George Allen and Unwin, Ltd., 1957.) 45s. net. 


FUNCTION of theoretical statistics is to provide 

rules that will enable the practical statistician 
to form or modify his judgments, both in the inter- 
pretation and in the design of statistical experiments. 
Some presentations of the theory seem to imply that 
human judgment is so fallible that it must be entirely 
eliminated. On the other hand, members of the neo- 
Bayes—Laplace school emphasize that the raw material 
of statistics must include subjective or multi- 
subjective judgments of probabilities and utilities. 
The original Bayes postulate was an assumption of 
equidistribution of initial probabilities ; its purpose 
was to avoid the need for judgment, but the postulate 
leads to inconsistencies. The first systematic attempt 
to avoid its use was by the Fisher school. This 
school has in its turn been criticized by Jeffreys, 
Wald, Neyman, Carnap, and by the neo-Bayes— 
Laplace school. 

Prof. L. Hogben uses many of the criticisms that 
the various schools level at one another, together with 
some new criticisms of his own, but he gives no 
explicit reference to members of the neo-Bayes— 
Laplace school. His case against theories of subjective 
probability consists of sarcasm or wit, for example 
{p. 10): “This book is a prosaic discussion about 
public probability. If the topic were private, the 
author would have communicated his convictions 
through the medium of verse composition”. This 
Temark is surprising, since biologists often discuss 
private matters in scientific terms. As a matter of 
fact, Prof. Hogben’s prose is often almost as difficult 
to understand as poetry is: he seldom uses one word 
where two will do. 

After an extensive attack on Fisher’s statistics, 
Prof. Hogben shows some sympathy with modern 
decision theory, but on p. 466 he says: “It [an 
impasse] forced Wald to enunciate the Minimax 


NATURE 


1687 


solution which is wholly arbitrary, embodying a 
concept of decision which is ostensibly behaviouristic 
but on closer examination consistent only with the 
view which locates probability in the mind’. If the 
mind is so shocking, then it would be simpler to 
criticize decision theory by pointing out that utilities 
are in the mind, especially the utilities of scientific 
theories. 

One of the interesting features of the book is the 
historical and sociological approach. Some statistical 
fallacies are attributed to the transfer of methods 
from the fields of application that inspired them to 
new fields for which they are less appropriate. A 
strong warning is given against the reliance on 
authority, for example on p. 316, yet on pp. 431-432 
there is an admittedly dogmatie set of four ‘Canons’. 
For example, Canon | is: ‘“‘A necessary condition for 
prescribing a rule of stochastic induction is that we 
can specify for each elementary hypothesis endorsed 
as admissible by one of the set of acceptable terminal 
statements a unique sampling distribution of admis- 
sible observations’. 

We recall the first page of the “Golden Bough” and 
the slogan of Belloc’s Leader of the Opposition, “We 
shall achieve Anarchism by constitutional means”. 

Apart from the Canons there are three theses on 
p. 454. They favour a long-run-frequency inter- 
pretation of probability, following von Mises, “unless 
we rely on axioms which are not susceptible of proof’. 
The normative axioms of subjective probability have, 
however, been made extremely convincing, and the 
obvious solution is to accept them if we are other- 
wise faced with an impasse. 

The important point is emphasized that statistics 
are no substitute for real thought. Many biologists 
apply Fisher’s statistical techniques merely because 
they are socially acceptable, especially to Fisher. 
Statistics have an important but not an over-riding 
part to play, and their philosophy is perhaps as 
important as their mathematics. 

In spite of its faults this book will provoke much 
useful thought. I. J. Goop 


REALITY EXPLORED 


In Search of Reality 
By Viscount Samuel. Pp. ix+229. 
Blackwell, 1957.) 28s. 6d. net. 


Te title of this book is exactly right: Lord 
Samuel is taking his readers with him on a 
search for reality, with no easy promises that he, or 
they, will find it. Indeed, by suggesting the question 
whether there is any such thing as reality, the author 
has gone some way towards gaining his ends, for he 
has discouraged superficial solutions, and focused 
attention upon basic principles. Neither in philoso- 
phical theories nor in social institutions lies the 
answer, but fairly and squarely within the individual 
and his personal responsibilities. 

To a considerable extent, this is the reason why 
there is so much noise and confusion regarding the 
parts to be played by philosophy, religion, and science 
in the twentieth century. They tend to be taken as 
convenient systems, the effect of which is to dilute 
the desire—and perhaps even the capacity—for 
personal thought. The word ‘theology’ does not 
appear in the index, though ‘religion’ does twice, and 
occupies a couple of chapters. So far so good, but 
in the Middie Ages (and Lord Samuel is strong on his 
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history), theology was the queen of sciences and 
philosophy her serving-maid. The result was that, 
however misguided the physical and experimental 
structure might be (and indeed it was lamentably 
adrift), mankind was provided with a spiritual and 
intellectual unity which is sadly lacking to-day. The 
need now is for constructive thought on scientific 
lines designed to recapture reality in a contemporary 
perennial philosophy. 

Something like this is what one imagines Lord Samuel 
desires, and in truth he is abundantly right. His 
generous but rather latitudinarian approach to man’s 
basic needs is understandable, but might have been 
more compelling if it had demanded a greater degree 
of sacrifice, both in concept and study. It was 
Athenagoras who once spoke of the need for putting 
ourselves to school, and never was the precept more 
necessary than at the present time. 

The author’s long experience of affairs enables him 
to bring to a fine point the effect of modern conditions 
upon private and public life. “They shall be simple 
in their homes and splendid in their public ways” 
is an apt quotation. But is it necessarily applicable ? 
It might heve been in Plato’s Republic, but how are 
citizens to learn splendour if circumstances almost 
inhibit its practice off-stage ? It would be a pity if 
we were to become more of a nation of spectators 
than we are already. 

In more strictly academic matters, Lord Samuel is 
stimulating if nevertheless not always convincing. 
He is, for example, a keen advocate of an ether and 
perhaps of two kinds of ether activation, one 
relating to lines of force, and the other to the pattern 
of radiation waves. In other words, he is reluctant to 
take ‘no’ for an answer from the celebrated Michelson— 
Morley experiment. 

One wishes that some of the thoughts in this con- 
structive book could have been presented in mathe- 
matical terms. It is charmingly written, but the 
‘impetus’ (the author’s favourite word) will only be 
fully effective, one may guess, if it is carried along 


by a more rigid system of symbolism. 
F. I. G. Rawirys 


STELLAR EXPLOSIONS 


The Galactic Novae 

By Prof. Cecilia Payne-Gaposchkin. (Series in 
Astrophysics.) Pp. x+336. (Amsterdam: North- 
Holland Publishing Company, 1957.) 30.50 guilders. 


T has been realized for some time that the stars 
in the post-main sequence stage are likely to pass 
through a period of unrest when an ageing con- 
figuration is impelled to make the spectacular gesture 
by indulging in a series of recurrent explosions ; and, 
for historical reasons, the stars in this act have been 
labelled as ‘novae’. So far as the structure of the 
star as a whole is concerned, the ‘nova-itis’ is only a 
skin-deep affliction which a star can undergo many 
times before eventually coming to grief; but while 
it lasts, it affords an unparalleled insight into stellar 
behaviour under a particular type of stress. The 
accompanying changes in intensity of radiation 
emitted are, moreover, sufficiently spectacular to 
attrac:; attention to several such explosions every 
year in our galaxy alone; as a result, the amount of 
observational evidence we now possess on this 
phenomenon is truly impressive. 
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The principal aim of Prof. Cecilia Payne-Gaposch- 
kin, in the book under review, has been to collect 
such evidence and to present it to the reader in a 
volume of moderate size. This was indeed a timely 
task ; for (apart from occasional survey articles in 
various compendia) no comprehensive treatment of 
this subject has appeared for some time in any 
language. The nearest comparison that comes to mind 
is the Italian monograph by Cecchini and Gratton of 
the past decade ; Prof. Gaposchkin has now brought 
the monographic treatment of her subject up to date. 
The presentation of her data is comprehensive, well 
illustrated, and provided with ample bibliographical 
references ; anybody working in this field should find 
her book a useful source in this respect. 

The main use of the observations should, of course, 
be to provide a basis for a rational interpretation of 
the nova phenomenon in terms of appropriate 
physical causes. This fundamental aspect of the nova 
problem, unfortunately, receives insufficient attention 
in the present volume. Indeed, Prof. Gaposchkin’s 
whole approach to her subject has remained almost 
throughout descriptive rather than explanatory— 
with astronomy and physics divorced to an extent 
which must be considered a drawback—and those 
parts where physical explanations are attempted 
could easily have been omitted without diminishing 
appreciably the value (or size) of the book. 

The book is as well written as we are accustomed 
to expect from its author; though the hand of the 
editors may be felt in the absence of poetical quota- 
tions which have adorned most of Prof. Gaposchkin’s 
earlier writings. Last, but not least, the publishers 
deserve our best wishes on the launching of a new 
series of astrophysical monographs (of which Prof. 
Gaposchkin’s present book constitutes the first), and 
our appreciation for having produced this useful 
volume attractively and at a reasonable price. 

ZDENEK KopaL 
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ELECTRONICS IN GEOPHYSICAL 
RESEARCH 


Advances in Electronics and Electron Physics 

Vol. 9. Edited by L. Marton. Pp. x+347. (New 
York: Academic Press, Inc.; London: Academic 
Books, Ltd., 1957.) 9 dollars. 


HIS is the ninth in a now well-established 

series of annual volumes. In the preface the 
editor states that the present volume is, in a sense, an 
experiment since the contents are grouped around 
one main theme, instead of representing a cross- 
section of various aspects of electronics and electron 
physics. The theme is in fact geophysical, the reason 
being the current interest in the International 
Geophysical Year ; and it is intended that the book 
should not only inform geophysicists of some of the 
modern experimental techniques at their disposal, 
but that it should also acquaint workers in electronics 
with the very interesting problems which emerge 
from geophysical research. 

There are seven chapters in the volume. The 
aurora borealis is discussed by C. T. E. Elvey. with 
reference to radio and spectroscopic studies: an 
account is also given of observations made by 
rockets. Negative ions is the topic of the chapter by 
L. M. Branscomb, attention being directed to the 
great stimulation which has come to this subject from 
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geophysics and astrophysics, and particularly from 
the physics of the ionosphere. J. G. Davies describes 
the application of radio techniques to the investiga- 
tion of meteors, and presents some geophysical 
observations on meteor trails. 

It is anticipated that the International Geophysical 
Year programme will add a great deal to our know- 
ledge of the variations of intensity of cosmic rays. 
These variations are discussed by D. C. Rose in rela- 
tion to geophysical and solar phenomena. In the 
review of radio-wave propagation by R. L. Smith- 
Rose greatest emphasis is given to ground-wave 
characteristics at low frequencies with their bearing 
on navigational aids, and to studies of propagation 
at high frequencies as influenced by the ionosphere. 

Oceanographers are making more and more use of 
electronic equipment, both in experimental investi- 
gations and for the solution of theoretical problems. 
Although nearly all types of cceanographic observa- 
tion can in fact be made without electronic instru- 
mentation, greater precision and continuity can be 
achieved with its aid ; and a chapter is contributed by 
J. B. Hersey in which the nature and extent of 
electronic applications to this subject are described. 

The final chapter, by B. S. Melton, deals with con- 
tributions of electronics to seismology and geo- 
magnetism. It includes such topics as the use of 
feedback systems in seismological instruments, the 
nuclear precession magnetometer and magnetic 
recording. 

This volume is a worthy successor to those which 
have appeared before. The material is extremely 
well presented and illustrated, and research workers 
wishing to pursue any of the subjects in greater 
detail will find the comprehensive bibliographies 
provided by all the authors a valuable feature. 

J. A. Saxton 
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PEST CONTROL 


Advances in Pest Control Research 

Vol. 1. Edited by R. L. Metcalf. Pp. vii+514. 
(New York : Interscience Publishers, Inc. ; London : 
Interscience Publishers, Ltd., 1957.) 11 dollars. 


N the preface to this book, pests are defined as 

organisms that compete with man for his food 
supply, damage his possessions and attack his person. 
Such an all-inclusive definition includes disease- 
producing organisms not usually classified as pests. 
Such breadth of definition is not unwelcome, as it 
may provide an opportunity for the ready transfer 
of ideas between what are closely related fields of 
work involving biologically active chemicals—the 
control of pests and disease-producing organisms. 
The use of poisons is not new, but it has assumed 
increasing importance in the past few decades. It is 
therefore not surprising that the greater part of this 
volume, the first in a series on pest control research, is 
devoted mainly to the problems involved in the 
discovery or use of chemicals for pest control. Indeed, 
it is a direct result of the fulfilment of one of the aims 
of this series to select subject-matter from recent 
research trends related to all phases of pest control, 
with emphasis on fundamental aspects. The other 
praiseworthy aims expressed are that the contribu- 
tions shall be not only comprehensive reviews but 
also critical evaluations of new concepts and develop- 
ments. It is also intended to encourage the presenta- 
tion of personal viewpoints so that “Advances in Pest 
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Control Research” shall be a stimulating book as well 
as a reference work. 

The diversity of the subjects, their status and 
nature has inevitably affected the level of treatment 
in each article. It is interesting and useful to be able 
to compare the different outlooks on what are funda- 
mentally the same basic problems in different spheres 
of pest control. This can be done in the current 
volume by comparing the three articles on the 
chemistry and mode of action of pesticides, which deal 
in turn with herbicides, fungicides and organo-phos- 
phorus insecticides. In contrast the article on repel- 
lants for biting arthropods deals with aless investigated 
subject. The importance of the selective use and 
action of pesticides is brought out in the article 
on health hazards of pesticides, while the difficulties 
are illuminated by two articles which deal with the 
estimation of pesticide residues, one by chemical 
and the other by biological methods. Selective 
action in a more restricted sense is dealt with by the 
article on the status of systemic insecticides, which is 
largely concerned with the more practical aspects 
of the subject. It also touches on combined biological 
and chemical control. The effects of control meas- 
ures on population balance are also included in the 
article on recent advances on the control of soil 


The first volume promises well for the utility of the 
series, both as a source of stimulating ideas and a 
reference work. It will be necessary, however, to 
suppress the tendency to produce an undigested 
catalogue such as is offered in the article on the uses 
of radioisotopes. K. A. Lorp 


CEREALS AND CLIMATE 


Wheat-Climate Relationships 
Barley—Climate Relationships 
Rye-Climate Relationships 
And the Use of Phenology in Ascertaining the 
Thermal Requirements of Wheat, Barley and Rye. 
By M. Y. Nuttonson. (Based on Data of North 
America and of Some Thermally Analogous Areas of 
North America, in the Soviet Union, Finland, Poland, 
and Czechoslovakia.) Pp. vii+388, pp. vi+280, 
pp. v +219, respectively. (Washington, D.C.: Ameri- 
can Institute of Crop Ecology, 1955, 1957 and 1958.) 
n.p. 

HESE volumes issued by the American Institute 

of Crop Ecology are concerned with an analysis 
of the effect of climate on growth of wheat, barley 
and rye based on a large volume of data on the 
phenology of these three cereals in North America, 
Finland, Poland, the U.S.S.R. and Czechoslovakia, 
assembled from records and reports of agricultural 
experimental stations. This information has been 
summarized in a large number of tables and figures. 
All the phenological data for winter wheat in the 
United States concern Kharkov, strain C.J. 1442, 
which has become the standard against which the 
performance of other varieties is measured in many 
agricultural experiment stations. The variety 
Thatcher is used as a standard for spring wheat. The 
records for Finland refer mainly to variety Varma 
(winter wheat) and Timantti (spring wheat). In 
considering the U.S.8S.R., however, phenological 
records of a great number of varieties had to be 
used because of the diverse varieties cultivated in 
different areas. 
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For the barley studies, North American data on 
the winter variety Kentucky I and spring varieties 
such as Trebi, Montcalm and Olli have been used ; the 
Finnish data refer to the spring variety Tammini. For 
the other countries, data obtained with numerous 
varieties were used. The climate-relationships of 
rye are based on the varieties Dakold in North America 
and Toivo in Finland. As with the other two cereals, 
data on local varieties were used for the other 
countries. 

The author illustrates how it is possible to forecast, 
from growth-development curves based on day- 
degree summations, the dates of heading or ripening, 
with their probable errors. A base line of 40° F. was 
found by trial to be the most satisfactory for these 
calculations. The emergence dates of winter cereals 
are often unavailable and it was found that using 
March 1 as starting point gave reasonable uniform- 
ity. The same lack of information concerning 
emergence dates of spring cereals led to the use of the 
period between sowing and ripeness. It was found 
that greater consistency, between different locations, 
could be obtained by using “‘photothermal units’’, 
defined as “multiples of temperature summations 
and average hours of daylight at a specified lati- 
tude”’. 

It remains to be seen whether this empirical 
approach will find extensive practical application— 
the true test of its value ; but it is useful to have all 
the available data summarized so that an assessment 
may be made. The author concludes, however, that 
there is need for additional basic studies of growth- 
development responses of pure-line varieties under 
contrasting conditions of climate, latitude and 
elevation. 

There are extensive bibliographies including a 
substantial number of references to Russian literature. 

E. C. HumpuHries 


VACCINATION AND 
INOCULATION 


Benjamin Waterhouse and the Introduction of 
Vaccination 

A Reappraisal. By Dr. John B. Blake. (Yale 

University Department of the History of Medicine 

Monograph Series, No. 33.) Pp. 95+3 plates. 

(Philadelphia: University of Pennsylvania Press ; 

London: Oxford University Press, 1957.) 32s. net. 


The Adoption of Inoculation for Smallpox in 
England and France 

By Dr. Genevieve Miller. Pp. 355. (Philadelphia : 

University of Pennsylvania Press; London: Oxford 

University Press, 1957.) 48s. net. 


N his scholarly and fascinating book on Benjamin 

Waterhouse, Dr. John B. Blake, assistant historian 
at the Rockefeller Institute for Medical Research, 
New York City, and lecturer on public health and on 
the history of medicine at Yale University School of 
Medicine, has made ‘reappraisal’ into a fine art. 
Overthrowing the traditional picture of a heroic 
figure in American medicine, he presents a convincing 
case, for every critical statement of his is fully 
docum»nted by references, often to obscure and 
previously neglected sources. Waterhouse was not a 
pioneer, but a promoter, of vaccination, and he was 
not the only American physician who imported 
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lymph and tried out the new procedure. Though he 
supplied many States and communities with vaccine, 
for which he neither asked nor received any payment, 
and though he was industrious in teaching “erring 
practitioners the importance of careful attention to 
the subject”’, the author thinks it “‘only reasonable to 
conclude that vaccination would have spread through- 
out the United States almost as quickly as it did had 
Waterhouse never lived”. Egotistical, contentious, 
with a knack of antagonizing people, and addicted 
to self-glorification, Waterhouse persistently neglected 
the achievements of his medical colleagues and 
studiously ignored American publications on vaccina- 
tion, except his own. His efforts to restrict the 
diffusion of vaccine in the late summer and early 
autumn of 1800 in order to profit from a monopoly 
force Dr. Blake to believe that the Boston physicians 
were fully justified in regarding him with suspicion 
and hostility, yet he is careful to point out his finer 
qualities. 

The author’s first book is a model of medico- 
historical scholarship. The eighteen pages of notes 
are eloquent of painstaking and critical research, and 
tksre is a satisfactory index. On p. 75 ‘James J. 
Abraham’ is an unfamiliar rendering of ‘J. Johnston 
Abraham’. 

Prof. Genevieve Miller, assistant professor of medi- 
cal history in the Western Reserve University School 
of Medicine, Cleveland, Ohio, and research associate 
at the Cleveland Medical Library, is well known to 
medical historians in Britain for her scholarly writings 
and as a former editor of the Bulletin of the History 
of Medicine. In her latest book she demonstrates 
convincingly how dangerous it is to be satisfied with 
secondary sources. Corroborated by numerous foot- 
notes (some of these fill more than half a page), she 
tells her story against the broad background of 
eighteenth-century intellectual and social thought. 
Analysing the factors responsible for the acceptance of 
smallpox inoculation in western Europe, she emphas- 
izes the threat and fear of the disease among the 
upper classes and the enlightened interest shown by 
the Royal Society in London, the Académie Royale 
des Sciences in Paris, and the English and French 
royal families. The author discredits the usually 
accepted view that the leaders of religion were opposed 
to inoculation, and lists a number of well-educated 
clergymen among its most active proponents. She 
re-assesses the pioneer role traditionally assigned to 
Lady Mary Wortley Montagu and attaches far 
greater importance to Sir Hans Sloane. Throughout 
she stresses the part played by non-medical ‘scientists’ 
in securing the permanent adoption of inoculation, 
and speaks of a “medical innovation actually promul- 
gated outside the profession”. There is an interesting 
chapter on the effect of inoculation on theories about 
smallpox. The book concludes with four append- 
ixes, a bibliography (46 pages), and an index 
(15 pages). 

Prof. Miller has rendered a signal service to medical 
literature by enriching it with this painstaking, 
erudite, and philosophical contribution. Unlike many 
historians she wears her learning lightly and is 
refreshingly free from pedantry. Her style is 
lucid, elegant, and readable, and the quotations 
prefacing the various chapters are most apposite. 
The titles of journals referred to are sometimes given 
in full and sometimes abbreviated, but the abbrevia- 
tions are not always orthodox. The College of 





Physicians of London did not become ‘Royal’ until 
1851. 


W. R. Bett 
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Snowdrops and Snowflakes 

A Study of the Genera Galanthus and Leucojum. By 
F. C. Stern. Pp. v+128+14 plates. (London: The 
Royal Horticultural Society, 1956.) 25s. 


OR all their coy and innocent appearance, 

snowdrops (Galanthus) and, to a lesser degree, 
snowflakes (Leucojum) have been something of a 
headache to botanists and botanically minded 
gardeners. They are not easy plants to classify, yet 
one cannot help feeling that the botanists have 
sometimes created difficulties by relying too exclu- 
sively on the doubtful evidence furnished by her- 
barium specimens, while the gardvners, equipped with 
a better knowledge of the living plants, have been 
overmuch concerned with the exceptional ‘sport’ or 
hybrid, refusing to subordinate their love of novelty 
to the prosaic generalizations of plant taxonomy. It 
is fortunate that Sir Frederick Stern combines the 
enthusiasm of the horticulturist with the restraint of 
the taxonomist, and his detailed study should clear 
away much of the confusion which has hitherto 
bewildered students of the two genera. Nothing has 
been excluded from this book which might assist the 
botanist or the gardener: there are essays on the 
history, morphology and classification of the group ; 
keys for identification; full descriptions of each 
genus, species, subspecies and variety with synonymy 
and notes on geographical distribution ; two chapters 
on cytology (the sine qua non of modern taxonomy) ; 
a valuable account of the garden varieties of Galan- 
thus (partly contributed by the late Mr. E. A. Bowles) 
and practical advice on the cultivation of both 
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genera. The drawings and photographs are excellent, 


and the map shows, at a glance, the distribution of 
Galanthus and Leucojum species, with their chromo- 
some numbers. 

No doubt more remains to be written on the 
subject, for many snowdrops and snowflakes come 
from regions still imperfectly known to the botanist, 
but the main task has been accomplished, and future 
workers should have considerably less difficulty in 
adding the trimmings. R. D. MerkiE 


Hétéroptéres Aquatiques 

Par Prof. Raymond Poisson. (Faune de France, 
61.) Pp. ii+263. (Paris: Editions Paul Lechevalier, 
1957.) n.p. 


HE latest volume in this very useful series is 

well up to the high standard already set. Prof. 
Poisson of the University of Rennes is a leading 
specialist on the water bugs and has already dealt with 
some of the families in previous papers on the French 
fauna. This is the first time that the families have 
been dealt with in a more or less comprehensive 
manner. I notice, however, that although the 
littoral Ochteridae and Aepophilidae have been 
included, the Saldidae, which are very closely related 
to the latter, have been omitted. Perhaps this is 
because the Saldids are generally regarded as terres- 
trial, although the majority of species live along the 
shores of ponds and rivers, as do the Ochteridae, some 
species even inhabiting the seashore, as does A epophi- 
lus. Indeed, the Saldidae may be said to represent 
the type of shore bug from which the modern surface 
bugs have evolved. 

The book commences with an introduction in which 
the classification is briefly described in the light of 
recent studies and in which a short account is given 
of general morphology and development in the 
aquatic bugs. This section concludes with a list of 
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parasites, a few pages on collecting and preparation 
of specimens and a faunistic bibliography. Each 
family is then taken in turn and an account of the 
biology is given, followed by a taxonomic section with 
keys to the subfamilies, genera and species. The book 
ends with a fairly comprehensive bibliography. 
Altogether twenty-nine genera and _ eighty-nine 
species are dealt with. The work is well illustrated 
with' 185 text figures mainly by the author, and 
should be of great value to British students of the 
water bugs since all our native species occur in 
France. W. E. Cura 


Man’s Journey Through Time 

A First Step in Physical and Cultural Anthropo- 
chronology. By Prof. L. 8. Palmer. Pp. xv+184. 
(London: Hutchinson Scientific and Technical, 
1957.) 30s. net. 


N a brief summary of his objectives, Prof. L. S. 

Palmer argues that from the skeletal remains of 
man it should be possible by anatomical measure- 
ments to follow quantitatively the course of his 
physical development ; and further, from the vast 
evidence of his cultural remains, it should be practi- 
cable to study quantitatively his cultural development 
by allocating numerical values to his artefacts and to 
other evidence of his mental attainment. He dis- 
cusses his methods in some detail and then applies 
them: (1) to prehistoric skulls; (2) to the remains 
left by prehistoric cultures. He depends for outside 
data on several investigators, such as Prof. Zeuner. 
Should they by chance have not always been quite 
correct, difficulties in making the graphs might arise. 
Again, it is not quite clear to the reader how the 
problem is affected should mankind’s development 
be @ spiral rather than a steady progress. All the 
same, the theory is of interest, and Prof. Palmer has 
too good a mind for it to be safe to dismiss it out of 
hand. The pictures of skulls in Chapter 3 form an 
impressive gallery and will be very useful to students. 
The chapter on the cultural development is rather 
more difficult to follow, but is well illustrated. The 
illustration on page 94, by the way, is from paintings 
at Castillo, not from Hornos de la Pefia, and the 
original is at 90° to the way shown in the illustration. 
This is a provocative book, but its theory, like any 
other, should be considered. M. C. Burxitr 


Algebra 

A Text-Book of Determinants, Matrices, and Alge- 
braic Forms. By W. L. Ferrar. Second edition. 
Pp. viii+220. (London: Oxford University Press, 
1957.) 17s. 6d. net. 


HE first edition of this book appeared in 1941 

and in the interim period there have been five 
reprintings, which provide adequate testimony to its 
popularity and satisfactory achievement. The new 
edition differs only from the original in that slips and 
misprints have been corrected, and by the addition 
of a new chapter on latent vectors. 

It may be taken, therefore, that the book is quite 
well known, but for the benefit of those who may be 
unacquainted with its purpose we may recall that it 
is written chiefly for undergraduates taking a general 
honours course in mathematics. 

However, its subject-matter is employed so much 
to-day by engineers and physicists that their attention 
should be directed to it as constituting a very readable 
work on the more elementary properties of the mathe- 
matical forms indicated by the title and as an easily 
assimilated text for self-tuition. 8. A. Sricant 
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NUCLEOTIDES AND THE BACTERIAL CELL WALL 


By J. J. ARMSTRONG, Pror. J. BADDILEY, Dr. J. G. BUCHANAN and Dr. B. CARSS 
Department of Chemistry, King’s College, University of Durham, Newcastle upon Tyne 


HE discovery by Park and Johnson! that 

Staphylococcus aureus, when grown in the 
presence of penicillin, accumulates acid-labile phos- 
phoric esters is important for our understanding of 
the mechanism of the action of penicillin and is likely 
to yield information on the chemical structure and 
biosynthesis of bacterial cell walls. Evidence that 
the accumulated phosphoric esters, later identified as 
nucleotides derived from uridine diphosphate, are 
concerned in cell-wall synthesis comes from the 
known effects of penicillin on bacteria*.*. The anti- 
biotic seriously affects the walls during the very 
early stages of its action. This is consistent with the 
observation that accumulation of the uridine com- 
pounds is also an early effect of penicillin action‘. 

Three nucleotides were isolated by Park from S. 
aureus treated with penicillin'. One of these has 
now been characterized as_ uridine-diphosphate 
acetylmuramic acid (I)*. Another is a closely related 
derivative bearing an L-alanine residue in peptide 
linkage with the carboxyl group of the acetylmuramic 
acid. In the third nucleotide a peptide composed of 
L-lysine, D-glutamic acid and three alanine residues 
is attached to the carboxyl group of the acetyl- 
muramic acid. The alanine residues in this peptide 
are composed of approximately equal 
amounts of p- and L-forms. 

A connexion between Park’s nucleo- 
tides and the cell wall emerged from the 
discovery that muramic acid® is a charac- 
teristic component of many bacterial cell 
walls*. Moreover, alanine, lysine and 
glutamic acid are usually found among 
the relatively small number of amino-acids 
released by hydrolysis of cell walls’. It 
is likely that the nucleotides are involved 
in the transfer of muramic acid and its 
peptides into the macromolecular struc- 
ture of the cell wall. Penicillin, in 
interfering with the normal cell-wall 
structure, presumably causes the accum- 
ulation of some of the precursors. 

During an investigation of the nucleo- 
tides in Lactobacillus arabinosus 17—5, two 
cytidine derivatives were detected® and 
later isolated*. These have been identi- 
fied as cytidine-diphospkate-glycerol (IT)1° 
and cytidine-diphosphate-ribitol (ITT)".12. 
The structure assigned to cytidine-diphos- 
phate-glycerol has been confirmed recently 
by chemical synthesis (Baddiley, J., 
Buchanan, J. G., and Sanderson, A. R., 
unpublished work). Their biological origin 
from cytidine triphosphate and L-c«- 
glycerophosphate or D-ribitol-5-phosphate 
has also been established’. 

In seeking the function of these 
nucleotides, we were handicapped in that, 
although glycerophosphate occurs widely 
in a combined form in many natural 
products, sibitol phosphate was unknown 
in Nature. An increasingly recognized 
function of unsymmetrically substituted 
nucleoside pyrophosphates is in the 
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synthesis of macromolecules by the transfer of 
groups from the nucleotide to the polymeric product". 
Examples of this function of nucleotides include the 
biosynthesis of chitin'’, cellulose’ and glycogen?’. 
Consequently, it was possible that a large molecule 
containing ribitol phosphate or glycerophosphate 
residues might be present in L. arabinosus. Such a 
compound has now been isolated from this organism’’, 
and there is evidence that it or closely related com- 
pounds are present in other bacteria. These sub- 
stances were extracted from fresh whole bacteria 
with cold trichloroacetic acid solution and, although 
their molecular weight is not known, they are prob- 
ably fairly large molecules. It has also been 
shown’® that ribitol phosphate is present in quite 
large amounts as a combined form in the cell 
walls of L. arabinosus, Bacillus subtilis and S. 
aureus H. 

If we assume that glycerol and ribitol are present 
in separate molecules, then the significance of the 
compound containing ribitol is clear. Direct extrac- 
tion of cell walls of L. arabinosus with trichloroacetic 
acid yields a substance containing all the components 
of the earlier material from whole cells, with the 
exception of glycerol. This is consistent with our 
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failure to detect glycerol derivatives in hydrolysates 
of cell walls'®*. We conclude that the cell walls con- 
tain in their structure the polymer containing ribitol 
phosphate, for which we suggest the name ‘teichoic 
acid’, and that in some bacteria this is a major cell- 
wall component. About 30 per cent of the walls of 
L. arabinosus, B. subtilis and S. aureus consists of 
this polymer. At least a part of it is in electrovalent 
linkage with the other cell-wall components. 

Support for these views comes from observations 
by Park and Strominger (personal communication), 
who have noted the accumulation of a cytidine 
diphosphate derivative in S. aureus during treatment 
with penicillin and crystal violet. A sample of this 
nucleotide, kindly provided by Dr. Strominger, has 
been identified as cytidine-diphosphate-ribitol by Dr. 
A. R. Sanderson in this laboratory. The effect of 
these inhibitors on the accumulation of this nucleotide 
is analogous to the similar effect on Park’s nucleotides, 
and is consistent with the view that they interfere 
with the synthesis of cell walls. 

The significance of the polymer containing glycerol 
is less certain, and the failure of cytidine diphosphate 
glycerol to accumulate in penicillin stasis, together 
with the absence of the polymer from the cell walls 
of the bacteria examined so far, suggests that these 
glycerol compounds are not involved in the cell wall. 
Macromolecular material of uncertain composition, 
containing glycerophosphate residues, has been 
isolated from bacteria by Mitchell and Moyle**. It 
is possible that this material originated from the 
protoplast membrane*!, and recent analyses of such 
membranes from Micrococcus leisodetkticus indicate 
that they contain glycerophosphate residues, 
probably in a polymerized form (McQuillen, K., 
personal communication). This may mean that 
cytidine diphosphate glycerol is concerned in the 
synthesis of the protoplast membrane. The relation- 
ship between the glycerophosphate polymer isolated 
by us from whole bacteria, and the glycerophosphate 
in protoplast membranes, is under investigation. 

Although it now seems probable that our prepara- 
tion of teichoic acid obtained by extraction of whole 
cells of L. arabinosus'* is a mixture in which glycerol 
and ribitol are present in separate molecules, efforts 
to separate them have not been successful. Glucose 
and alanine in combined form are also present in 
the preparation, and the ratio of glucose to alanine is 
1:1. No other sugars or amino-acids were detected. 
The glucose and alanine could not be separated from 
the material containing polyol phosphate by 
chromatographic methods or by electrophoresis on 
glass-fibre paper, and we consider that they are 
attached to the polyol residues. Moreover, teichoic 
acid extracted from isolated cell walls contains, in 
addition to ribitol phosphate, only glucose and 
alanine residues. 

The glucose residues are non-reducing, are un- 
affected by hot alkali, and are liberated as free 
glucose on hydrolysis in 0-1_N hydrochloric acid for 
24 hr. at 100°C. No disaccharides are produced by 
partial acid hydrolysis, thus indicating that each 
glucose residue is attached directly to a polyol 
residue by a normal glycosidic linkage. Enzyme 
experiments suggest that this linkage is a. 

Teichoic acid gives a strong ninhydrin reaction 
and the alanine residues are liberated by gentle acid 
hydrolysis. All the alanine is liberated after brief 
treatment with dilute sodium hydroxide at room 
temperature. Moreover, aqueous ammonia at room 
temperature converts the alanine residues into 
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alanine amide. These properties are also shown by 
alanine ethyl ester, and it follows that the alanine in 
the polymer is all in ester linkage with a hydroxyl of 
either the glucose or the polyol. We believe that 
this is the first authentic example of a naturally 
occurring amino-acid ester. 

After hydrolysis in 2 N hydrochloric acid at 100° 
for 3 hr. the products, in addition to alanine and 
glucose, include 1: 4-anhydroribitol and its phos- 
phate, ribitol phosphates and orthophosphate. These 
products are consistent with a structure in which 
ribitol residues are joined together through phospho- 
diester linkages. No phosphomonoester groups were 
detected. 

These observations suggest that teichoic acid would 
have a structure of the following type : 
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When the compound was hydrolysed by hot sodium 
hydroxide solution followed by phosphomonoesterase, 
the main product was a compound with the properties 
expected for a ribitol glucoside. This would also be 
consistent with the above structure. However, 
removal of phosphate was incomplete and an un- 
identified phosphodiester remained. A little free 
ribitol and a compound which may be ribitol 
diglucoside were also observed on paper chromato- 
grams. This suggests that teichoic acid from L. 
arabinosus may contain some ribitol residues without 
glucose and some bearing two glucosyl groups. 
Variations in the relative amounts of the products of 
alkaline hydrolysis of teichoic acid from different 
organisms suggest that there may be slight differences 
in the composition of this material from different 


sources. 
We thank Drs. M. R. J. Salton, J. T. Park and 


K. McQuillen for samples of bacterial cell walls and 
for helpful discussions. 
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FREEZING AND DRYING 


URING the past half-century spectacular ad- 

vances in theoretical and applied physics have 
distracted attention from biological discoveries no 
less fundamental, dramatic or potentially useful. For 
example, Spencer’s theory that life involved con- 
tinuous change was upset at the turn of the century 
by the demonstration that biochemical activity and 
expenditure of energy in living seeds and bacteria 
could be arrested for prolonged periods at very low 
temperatures, and were resumed together with all 
manifestations of normal life when they were re- 
warmed!, 

Gradually it became established that most animals 
and their component cells and tissues were killed by 
freezing and thawing. Some invertebrates survived 
desiccation at normal temperatures and intense cold 
in the dry state. Others, including frost-hardy 
insects, resisted freezing by supercooling. Experi- 
mentally, vinegar eels, frog spermatozoa and muscle 
fibres and mammalian erythrocytes were recovered in 
a viable state after minute specimens had been cooled 
to, and rewarmed from, very low temperatures at an 
ultra-rapid rate which was thought to convert the 
aqueous phase to and from the vitreous state and so 
suppress formation of ice crystals*. By 1948 the 
biological effects of very low temperatures seemed 
theoretically well established, and no _ practical 
applications appeared feasible. 

In contrast, the process of freeze-drying was being 
widely used ten years ago for preserving a variety of 
biological products, including antibiotics, plasma, 
sera, cultures of living bacteria and suspensions of 
viruses. Great technical advances had been made 
since 1890 when Altmann® applied the method to 
histological fixation and since Shackell in 19094 
preserved the biochemical components of liver slices 
and the pathogenicity of the rabies virus in this way. 
On the other hand, the theoretical basis for sub- 
limation of ice at low temperatures in vacuo had 
changed little since Wollaston® demonstrated his 
eryophorus in 1813. 

This was the background against which the 
Institute of Biology organized its first Symposium on 
Freezing and Drying in 1951*. On that occasion, 
current industrial and laboratory equipment and 
biological applications of freeze-drying were described, 
as well as preliminary research into factors involved 
in deterioration of products and loss of viability of 
micro-organisms. It was surprising to learn, at that 
time, that mammalian skin frozen at — 30° C. and 
exposed to high vacuum survived reduction of its 
water content from 70 to 25 per cent, and that 
transmission of tumours by freeze-dried material 
could be explained by survival of cancer cells. Two 
years experience had shown that, in presence of 
glycerol, mammalian spermatozoa, red blood cells, 
endocrine tissue and skin could be frozen and stored 
for long periods at low temperatures without loss of 
viability and that survival was maximal when the 
material was cooled comparatively slowly and re- 
warmed rapidly. The processes of cooling and 
rewarming living cells at an ultra-rapid rate to 
promote vitrification and vitrofusion were demon- 
strated by Prof. B. J. Luyet, but were clearly no 
longer the only or the best methods for preserving 
the life of mammalian cells at low temperatures. 
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The Second International Symposium on Freezing 
and Drying, organized by the Institute of Biology 
and supported by the Wellcome Trust, was held on 
April 1 and 2, 1958, in the Beveridge Hall, University 
of London. Dr. A. 8. Parkes, in his opening remarks, 
mentioned the committee’s hesitation to repeat a 
successful experiment and to test whether pooling of 
ideas seven years previously had, in fact, led to any 
advance in theory or practice. 

Prof. B. J. Luyet described refinements in his 
techniques of microscopy and of recording tem- 
perature during ultra-rapid cooling and rewarming 
of thin layers of biological solutions. He showed 
pictures of the evanescent crystalline spherulites 
formed in material described as vitreous because 
crystals were hitherto thought to be absent. He said 
that the term vitrification had been used to cover 
over-hasty generalizations, and that fundamental 
facts were now emerging. 

Dr. H. T. Meryman confessed that his interest in 
preserving cells at low temperatures dated from the 
previous symposium. Since then, his studies had 
shown that crystal formation was invariably extra- 
cellular in suspensions of mammalian cells and tissues 
cooled either slowly or rapidly. Minute intracellular 
crystal nuclei were found only in specimens cooled 
at an ultra-rapid rate. Damage was inevitable unless 
the frozen cell suspensions were rewarmed very 
rapidly. When small samples of frozen blood were 
rewarmed rapidly from low temperatures, severe 
hemolysis occurred in those cooled slowly. This was 
not due, as previously supposed, to the mechanical 
action of ice crystals, but to the concentrated electro- 
lytes formed during gradual separation of ice. In- 
creasing the rate of cooling decreased the amount of 
destruction until a broad optimal range was reached. 
Further increase in the rate of cooling led to dimin- 
ished recovery of cells after rapid thawing, resulting 
either from differential thermal contraction of 
individual cell constituents, as suggested by Love- 
lock’, or else from intracellular crystallization. 
When blood is frozen in the presence of glycerol, rates 
of cooling and rewarming are less critical because 
glycerol molecules bind water molecules which reduce 
the concentration of electrolytes during freezing and 
thawing. Large samples of glycerol-free blood in 
containers of certain shapes can be cooled at an 
optimum rate throughout, but thawing at an ultra- 
rapid rate throughout is more difficult and may be 
impossible. 

Hitherto it has been assumed that bacteria, yeasts 
and moulds survived freezing whatever the rate of 
temperature change. Dr. P. Mazur has now shown 
that Pasteurella tularensis, Saccharomyces cerevisiae 
and spores of Aspergillus flavus are severely damaged 
when rewarmed slowly after freezing at temperatures 
below a critical level characteristic, for each species, 
generally between — 10° and — 45° C. The pro- 
portion of viable cells is further reduced in rapidly 
cooled samples. When the specimens are rapidly 
rewarmed the majority survive regardless of the rate 
of cooling and minimum temperature. A high pro- 
portion of cells must have been potentially viable 
when frozen and were killed during rewarming. Very 
rapid cooling may cause intracellular freezing which 
renders the cells susceptible to damage during slow 
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warming. Prof. L. R. Rey’s microscopic studies show 
that conversion of minute intracellular crystals to 
large ones may disrupt cells cooled rapidly to low 
temperatures (particularly if they are then kept at 
temperatures above — 40° C.) and during slow 
thawing. When the electrical conductivity of physio- 
logical salt solutions is plotted against temperature 
the shapes of the respective curves during freezing 
and thawing differ, whereas in presence of glycerol 
they are identical and the eutectic point is lowered 
to — 60° C. When tissues or biological media are 
kept at temperatures between — 60° and — 190° C. 
striking thermodynamic changes occur, particularly 
in the presence of glycerol and at the higher tem- 
peratures. Relative stability is reached at the 
temperature of liquid nitrogen (— 196° C.). The loss 
of viability during prolonged storage of certain 
tissues in saline media containing glycerol at the 
temperature of solid carbon dioxide (— 79° C.) may 
be connected with the changes in physical state of 
ice reflected by these thermodynamic effects. 

Prof. N. Kalabukhov’s paper, read in his absence, 
reviewed Soviet work of the past sixty years on 
problems of cooling whole animals to sub-zero tem- 
peratures. Poikilotherms survive superficial freezing, 
but neither poikilotherms nor homeotherms recover 
after freezing the whole organism. There is little 
prospect of preserving whole animals by vitrification. 
By contrast, some invertebrates and poikilothermic 
vertebrates recover after prolonged periods of super- 
cooling. Supercooled bats have also survived storage 
for several days at — 5° to — 7° C. Heart beats 
were recorded on electrocardiograms, showing that 
living processes were not completely suppressed. 
Recent methods for re-animating mammals after 
severe hypothermia and cardiac arrest re-open the 
possibility of long-term storage of a wide variety of 
whole animals at sub-zero temperatures in the super- 
cooled state’. 

Since 1951 mathematical problems of freeze- 
drying have been analysed. Dr. J. L. Stephenson has 
determined the probability that a water molecule 
which escapes from the ice surface will not return, 
but will be permanently removed from the system. 
This factor depends on the intrinsic structure of the 
material being dried and determines the design of 
the apparatus. Deterioration of freeze-dried products 
during storage is known to be related to final moisture 
content, which may be 7 per cent of the dry weight 
after sublimation of ice. It is further reduced by a 
process of secondary drying, the physics of which 
was explained by Dr. T. W. Rowe and Mrs. E. 
Robson. The all-important question is: How much 
moisture should be left in a product? This raises 
the controversial subject of ‘free’ and ‘bound’ water 
inolecules and the technical difficulties of determining 
moisture content. 

The residual moisture-content of different materials 
depends upon their respective hygroscopicities and 
upon the vapour pressure of the atmosphere in equi- 
librium with them. Dr. W. J. Scott has freeze-dried 
samples of bacterial cultures in different media and 
has stored them, either in air or in vacuo, in hermetic- 
ally sealed containers over solutions which produce a 
known vapour pressure. The optimum moisture- 
content for long-term storage of freeze-dried bac- 
teria depended upon the presence or absence of 
air, and upon the composition of the original sus- 
pending fluid. Dr. Scott’s results support the theory 
that death during storage is due to ‘browning 
reactions’ between carbonyl groups in the medium 
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and amino groups in the micro-organisms. Survival 
is improved by replacing glucose, fructose or ribose 
by the corresponding reduction compounds, sorbitol, 
mannitol or ribitol, or else by sucrose, which lack 
carbonyl groups. Alternatively, carbonyl groups in 
the medium can be destroyed by reagents such as 
hydroxylamine. Addition of amino-acids, which 
compete for carbonyl groups, is equally effective. 

Following these principles, Dr. P. W. Muggleton 
has achieved a high constant survival-rate of 
attenuated tubercle bacilli in B.C.G. vaccines stored 
for prolonged periods after freeze-drying. His 
medium contains 1-2 per cent sodium: glutamate, 
8 per cent dextran and 7-5 per cent sucrose. Survival 
is maximal when primary drying is carried out at 
— 25° to — 28° C. and when the cultures are sealed 
in vacuo after secondary drying to a residual moisture 
content between 0-8 and 1-0 per cent. Dr. R. I. N. 
Greaves assesses the effect of the medium on sub- 
sequent stability by boiling the freeze-dried cultures. 
Paracolon bacilli and gonococci dried in presence of 
5 per cent sodium glutamate and 5 per cent dextran 
survived boiling in maximal numbers. Several of 
those present questioned whether viability after 
boiling represents potential viability of a dried 
culture during prolonged storage. 

Freeze-drying is used by Miss B. L. Brady as an 
ancillary method of storing yeasts in the National 
Collection of Type Cultures. Its exclusive use would 
economize time and materials, but would be hazardous 
until the complex factors influencing the viability of 
yeasts of different genera are better understood. Re- 
hydration of the desiccated cells is probably the most 
critical procedure. So far, she has observed no 
qualitative changes in nutritional requirements or 
biochemical reactions of yeasts preserved by freeze- 
drying. 

To-day, freeze-dried rinderpest-virus vaccines are 
used on a large scale for veterinary prophylaxis. Dr. 
G. R. Scott and Dr. C. S. Rampton described diffi- 
culties which have been surmounted in Kenya in 
preparing large batches of vaccine from inoculated 
rabbits and goats. Dr. D. Greiff finds that the 
infectivity titre of influenza viruses is not significantly 
altered by freezing slowly and drying by vacuum 
sublimation at — 80° C., but is reduced by storage 
at temperatures above —40° C. or by drying at 
temperatures above —80° C. Studies on frozen 
mitochondria show that uptake of oxygen is little 
affected by the rate of cooling, but that phos- 
phorylation is greater in suspensions cooled slowly to 
— 40°, — 63° or — 192°C. than in those frozen rapidly 
at the same temperatures. Lesions to mitochondria 
might be a cause of death in intact cells. In cells 
disintegrated by freezing and thawing, the apparent 
numbers of cellular or infective virus particles and 
the resulting enzymic activity will depend on the 
minimum temperature and rate of change of tem- 
perature. 

Banking frozen and freeze-dried human tissues for 
future surgical use is a new development since 1951. 
Commander G. W. Hyatt described the organization 
of the tissue bank at the U.S. Naval Medical Center, 
and the techniques used there. Skin, arteries, car- 
tilage, bone and other tissues are removed from 
fresh cadavers of healthy young adults and are 
frozen or freeze-dried and afterwards homografted 
in suitable cases. The clinical results leave no doubt 
of the efficiency of the thawed or reconstituted grafts, 
although the constituent cells are dead. The 
implanted tissue acts mechanically, providing ar 
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anatomical template for ingrowth of the host’s 
tissues. The process of freeze-drying apparently 
alters the nucleic acids in the homografts, reducing 
their capacity to evoke immunological responses. 
Commander Hyatt also discussed the ethics and 
philosophy underlying this enterprise. 

Prof. C. G. Rob said that in his clinical experience 
the general health of the patient and state of his 
other arteries are the most important factors govern- 
ing a successful outcome of homografting frozen or 
freeze-dried arteries. Mr. H. A. Sissons finds that 
freeze-dried bone sterilized by irradiation has advan- 
tages over homografts preserved by other means. 
Grafting the cornea presents unique possibilities and 
problems. Because the tissue is avascular, immuno- 
logical reactions to homografts do not occur, but 
viability was apparently essential if grafts were to 
retain transparency. Col. F. Hénaff has, however, 
obtained striking results with freeze-dried corneal 
homo- and hetero-grafts in rabbit, dog and man. 
Lamellar grafts invariably took, and some of the full 
thickness homografts also remained transparent 
although the tissue was undoubtedly dead. 

By contrast, pathogenic protozoa, spermatozoa 
and endocrine tissue can never perform their specific 
functions unless they are alive. They can be preserved 
for long periods in the frozen state in presence of 
glycerol at low temperatures, but cannot be stored 
after freeze-drying from this medium because of the 
lethal effects of concentrated glycerol at room tem- 
perature. Dr. C. Polge and Dr. M. A. Soltys reported 
that, in presence of 7-5-10 per cent of xylose, glucose 
or sucrose, and in absence of salts, bull spermatozoa 
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OISE in industry was the subject of the 
eighth conference of the British Occupational 
Hygiene Society, which was held in London on April 1. 
The proceedings opened with a paper on the clinical 
and physiological effects of noise by Mr. T. Cawthorne 
(King’s College Hospital, London), who said that 
hearing was the last of the special senses developed 
in animals in the course of evolution. The reception 
apparatus arose as an outgrowth of the organ of 
balance, and disorders of hearing were accompanied 
by disorders of balance. Hearing was primarily a 
protective device which operated through the central 
connexions of the eighth nerve, some of which went 
to the temporal lobe, where sound was appreciated, 
and some directly to motor nerves to produce a sound 
reflex action even before the animal was conscious of 
the sound it reacted to. Propagation of the species 
was another function which was often aided by hear- 
ing, in man as well as in the lower orders, but man 
was unique in his possession of speech and in his 
social activities, which depended very much upon 
unimpaired hearing. Deaf persons were under a 
constant stress on this account. 

Sound waves in air passed down the ear canal and 
generated vibrations of the ear drum which were 
transmitted across the air-filled middle ear by a chain 
of ossicles. The innermost of the ossicles rocked in 
the oval window of the inner ear, or cochlea, and 
caused oscillations to pass through the fluid whicl. 
filled it. The fluid waves caused the basilar membrane 
of the cochlea to spring up and down. This membrane 
carried the organ of Corti, which converted the move- 
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suspended in egg yolk and trypanosomes in 10 per 
cent horse serum survived freezing at temperatures 
down to —40°C. In these media they might survive 
freeze-drying. Dr. Parkes envisaged the protection 
of endocrine tissues during freezing by substances 
which would volatilize together with ice during 
high-vacuum distillation. Methanol is sufficiently 
volatile at low temperatures, and rat ovaries have 
survived freezing for several hours in its presence. 

Future developments along these lines may eventually 

permit long-term storage of mammalian cells without 

loss of viability in the dry state at room temperatures. 

The interest of the meetings was unquestionable 
and the proceedings, to be edited by Dr. A. 8S. Parkes 
and published by Blackwell Scientific Publications, 

Ltd., should provide a basis for further advances in 

this branch of natural philosophy. The secretary of 

the Symposium, Dr. R. J. C. Harris, and the Institute 
of Biology, are again to be congratulated on their 
initiative. AuDREY U. Smrru 
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ments to tactile stimuli of nerves. The organ carried 
hair cells which were brought into contact with a 
leaf-like structure above them when the basilar 
membrane moved. Excessive movement strained the 
hair cells and acoustic trauma took place mainly, 
if not entirely, in the organ of Corti. 

Early deafness resulting from exposure to noise 
very often produced a loss in sensitivity to frequencies 
in the vicinity of 4,000 cycles. This was found in 
men employed in metal stamping and chipping, and 
in those who shot two or three thousand cartridges 
a year. 

Both the intensity of noise and its duration were 
significant in causing trauma. Regular exposure 
over long periods to more than 85-90 decibels 
resulted in irreversible changes taking place in the 
organ of hearing. Individual sensitivity varied and 
unduly sensitive entrants to industry should be 
picked out by tests. One way of doing this was the 
estimation of post-stimulatory fatigue. 

High-tone deafness made it difficult to interpret 
speech, particularly when there was a noisy back- 
ground ; good binaural hearing was an asset in the 
latter situation. High-tone deafness caused by indus- 
trial trauma resulted in a time lag becoming apparent 
in the apprehension of speech. The importance of 
speaking slowly when addressing an audience arises 
from this effect, which might also be due to fatigue 
on the part of the listeners. 

The encouragement of workers to protect themselves 
against excessive noise called for propaganda. There 
was little hesitation in guarding against an obvious 
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risk of injury, but the threat of deafness was apt to 
be disregarded because it would be 10-15 years 
before it happened. Protective devices were available 
which gave 15-30 decibels reduction. This sufficed 
for most industrial noises but was inadequate for 
really tremendous sounds such as those issuing from 
jet engines. 

Speaking on noise measurement, the analysis and 
evaluation of harmful effects, Dr. T.S. Littler (Wernher 
Research Unit on Deafness), stated that the ear was 
a pressure-sensitive mechanism. Normal atmo- 
spheric pressure was about one million dynes per 
square centimetre; during production of a very 
intense sound a variation of the order of 2,000 dynes 
per square centimetre was superimposed. Such a 
sound was generated in the vicinity of a jet engine 
and had a level of 140 decibels. Full specification of a 
sound involved giving its waveform, but in dealing 
with noise it often sufficed to know the root mean 
square value of the pressure-level, averaged over a 
short interval, and the peak pressure attained during 
the same time. 

The waveform could be analysed by the Fourier 
method ; in practice, an approximation to this was 
achieved by selecting limited frequency ranges by 
means of filters, which could be made to accept 
frequencies over bands ranging from a few cycles to 
an octave. Component pressures measured over these 
ranges were not additive ; they had to be converted 
to intensities first. The resultant intensity could then 
be reconverted into pressure if desired. 

The human ear did not behave like a selective filter 
because a pure tone at a given frequency excited a 
considerable region of the analytical mechanism of the 
cochlea ; the selective capacity of the ear depended 
both on the cochlea and on the neural pathway. It 
was found that an intense pure tone produced most 
auditory fatigue in regions of the ear specific to a 
frequency about half an octave higher than that of 
the fatiguing tone. 

A pure tone was masked by those components of 
noise which were situated in a band of frequencies 
centred on that of the tone. This was called the 
critical band and increased in width from 25 cycles to 
200 cycles in ascending through the audible range. It 
was supposed that the critical band region of frequency 
in @ noise was the range responsible for damage to 
the ear in a particular frequency range. Another 
body of opinion accepted it as sufficient to analyse 
noise into octave bands for the investigation of noise 
hazards; such an analysis was inadequate for the 
determination of critical band-levels unless the noise 
level was fairly uniform throughout the octave bands. 
Since we were uncertain of the physical basis of noise 
trauma, narrow-band analysis was always a useful 
adjunct to octave or part-octave analysis. It helped 
to detect the sharply rising waveform, which produced 
a characteristic group of harmonics and was regarded 
by some as being highly traumatic. 

In order to define impairment of hearing a standard 
of normality was required. That adopted in the 
United States corresponded to sound pressure-levels 
which were 10-15 decibels higher than the British ; 
the British assessment of loss of hearing was therefore 
more stringent. Since both the United States and 
the British standards specified acoustical pressures 
at the meatus, it was possible to convert observations 
expressed on one basis to the other system. 

Audiograms of people exposed to noise often showed 
a drop in response round about 4,000 c./s. which was 
known as the traumatic dip or notch. It was possible 
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that this loss was associated with percussive noises 
and there was an indication that physical and 
physiological factors combined to make the ear 
specially sensitive at frequencies near 3,500c./s. 
and render it more easily damaged. 

Protection of the ears was afforded by the insertion 
of plugs or the application of external muffs. When 
an ear plug blocked the meatus the cartilaginous 
surround provided the main path of entry for sound. 
If the auricle was covered by an efficient ear muff 
the impact of sound on the most permeable region 
was much reduced. It was essential that the muff 
should not be porous and the most efficient type 
embodied a liquid-filled plastic pad. A good seal 
against the contours of the bony area around the 
auricle could be obtained by light pressure. 

With such a protector in place only bone conduction 
remained as a route of ingress. Since this was 
estimated as being 50-60 decibels below other 
forms of entry it was not an important factor in 
protecting against harmful noise. 

In any programme of hearing conservation it was 
necessary for an otological examination and an 
audiometric test to precede exposure to noise. There 
were differences of individual susceptibility to be 
allowed for; it was not possible to say whether 
someone already deaf would be less vulnerable to a 
given noise than a normal person. 

Mr. N. Fleming (National Physical Laboratory), 
joint author with Mr. W. C. Copeland, read a paper 
on the principles of noise suppression. Explaining 
the physical description of noise in terms of decibel 
levels of sound pressure and frequency-band analysis, 
he said it is necessary to supplement these concepts 
with a subjective indication of loudness which is 
provided by the phon scale. This is based on the 
sensation of loudness produced by a pure tone of 
1,000 c./s. ; the loudness-level in phons is defined as 
being numerically equal to its sound pressure-level 
in decibels. The loudness-level of any other noise is 
then gauged by comparison with the pure tone, which 
is adjusted until it appears to have the same loudness 
as the noise when heard under prescribed conditions. 
Owing to this arbitrary definition there is no obvious 
relation between the numbers of the scale of phons 
and the corresponding sensations. 

To overcome this disadvantage another scale has 
been devised in which the scale number is intended to 
be directly proportional to the sensation of loudness. 
The unit on this scale is called the sone. It has been 
agreed internationally that a loudness of one sone is 
equal to 40 phons and that 10 phons are required to 
double the sensation of loudness. Thus a loudness of 
8 sones is equal to 70 phons and the pressure-level of 
a pure 1,000 cycle tone of the same loudness would be 
70 decibels. The absolute pressure, p dynes/cm.?, 
would be given by 70 = 20 log,, (p/0:0002). This 
degree of loudness corresponds to the sound produced 
in a city office with the windows open or to conversa- 
tional speech. 

Subjective measurements of loudness have to be 
made with a group of observers, but it is possible to 
get some idea of loudness from octave-band analysis 
of noise. 

The remainder of the paper dealt with the sup- 
pression of noise and was concerned, first, with plan- 
ning to avoid noise. Noisy production operations in 
a factory should be segregated so that there is no 
needless exposure of people engaged on quieter work. 
Escape routes for noise, such as access doors, open roof 
lights and thin roofs, have to be considered. The 
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nuisance caused by noise at a distance from a factory 
may be due to sources which are not apparent inside 
or in its immediate environment. 

Handling noises can often be much reduced by 
using plastic- or rubber-covered benches and bins ; 
delivery chutes should be smooth inside and designed 
to avoid too great a distance of fall into bins. 

Sound insulation or absorption is employed 
when a noisy source cannot be eliminated. An 
insulating barrier may absorb or reflect sound. The 
process of absorption involves the dissipation of sound 
energy as heat and takes place either by the barrier 
itself vibrating or by the vibrating air inside cavities 
in porous insulation wasting its energy as friction. 

The sound insulation of a partition is expressed by 
its sound reduction index, which is the difference 
between the sound pressure-levels on the incident and 
transmitted sides. There is a good correlation 
between the index and the weight per square foot for 
homogeneous sheet materials. Best results are 
obtained with isolated panels separated by an air 
gap. In general, high-pitched sounds are likely to 
have a greater sound reduction index than low- 
pitched ones, for which weight of insulator is the 
predominating factor. Irregularities of transmission 
are more common at higher frequencies. 

_ Ifa machine is totally enclosed in reflective insula- 
tion the sound-level inside will build up. Absorption 
1s necessary as well. The best absorbers are porous 
materials, such as mineral wool; though thin layers 
are effective at high frequencies, large thicknesses 
become necessary at low. When a very high degree 
of sound insulation is required small leaks through a 
partition must be avoided. A sound-reduction index 
of 40 decibels means that only 1 part in 10* of the 
incident sound energy is transmitted. An aperture 
with an area of only 1/10,000 of that of the insulated 
partition will let through as much sound as the entire 
partition. When apertures have to be made they can 
be provided with sound-attenuating ducts, which are 
also of value in ventilating systems to eliminate fan 
noise. The principle of such ducts is absorption ai the 
wall, and their efficiency is increased by subdivision 
into a number of narrow channels. Noise reduction 
in decibels is proportional to the length. Attenuation 
increases with frequency up to a point at which the 
wave length of the sound is equal to the channel width. 

Anti-vibration mountings are of value in reducing 
noise transmitted from machines; they should be 
designed so that the natural frequency of the machine 
on its resilient supports is much lower than that of the 
objectionable vibration. Complaints are sometimes 
aroused by low-frequency pulsation, as from engine 
exhausts. The fitting of an expansion chamber about 
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15 times the volume swept by the piston at each stroke 
and an absorbent wall silencer had been helpful in 
such cases. 

The final paper, read by Dr. Alan Carpenter 
(Medical Research Council Applied Psychology 
Research Unit, Cambridge), dealt with the question 
whether noise which was not loud enough either to 
produce actual physical damage or to arouse annoy- 
ance could yet be responsible for interference with 
mental work. 

An experiment performed a quarter of a century 
ago indicated that the output of work from weavers 
was increased very slightly when they wore ear plugs 
which reduced the noise transmitted by 10-15 
decibels, in spite of the fact that the workers did not 
like using the ear plugs and thought they were of no 
value. More than fifty years ago it had been demon- 
strated that a slowing down of performance was 
produced every time an intermittent noise was 
turned on or off, with a return to a normal speed 
of working between times. 

Noise which had meaning was more distracting 
than meaningless sound, especially if the meaning was 
a little elusive. It was probable, too, that noise was 
more disturbing to a worker engaged on a task with 
which he was not very familiar. 

Recent work had resulted in the formulation of 
the hypothesis of the ‘mental blink’, which had some 
analogy with eye blinking. Experiments suggested 
that effective regulating mechanisms existed in man 
which tended to maintain his output quality in spite 
of disturbing influences. They were analogous to 
feed-back in physical servo systems or to the mainten- 
ance of arterial blood pressure and other physiological 
devices. When such a mechanism operated it was 
unprofitable to look for changes of output resulting 
from external stimuli; it was better to examine the 
signal process or to seek for some aspect of the be- 
haviour of the system outside its regulation. The 
‘mental blink’, or a shifting away and shifting back 
of attention upon a mental task, provided such an 
opportunity. A subject in a good state of motivation 
would bring his attention back to a monotonous 
task in one and a half to two seconds. Attention 
could not be constantly held but tended to wander. 

It was probable that in a watch-keeping job, where 
slackening of attention could result in an expensive 
mishap, a strong case existed for excluding loud 
noise. In inspection, too, where lapses of vigilance 
would increase the number of incorrect articles to be 
accepted, loud noises should be eschewed. 

A full account of the Conference will be published 
in the first issue of the Society’s journal, Annals of 
Occupational Hygiene. C. N. Davies 
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Dr. C. E. P. Brooks, 1.S.0. 


Wrru the death of Dr. C. E. P. Brooks on Decem- 
ber 14, climatology in Britain lost its most eminent 
authority and the meteorological profession one of 
its most versatile members. 

Dr. Brooks was born in London on November 10, 
1888. He was educated at University College School, 
London, and entered the Meteorological Office as a 
probationer in 1907. Studying in his own time, he 
graduated B.Sc. (London) with honours in geology in 


1912. He proceeded to M.Sc. in 1916, and in 1926 
the D.Sc. was awarded to him for a thesis on “The 
Variations of Pressure in the Neighbourhood of the 
British Isles’’. 

He served in the Meteorological Office for more 
than forty years, retiring in 1948 as assistant director 
(climatology), though he continued part-time work 
for the Office, mainly on the application of statistical 
methods in meteorology, for a further two years. 
Shortly before retiring, he was made a Companion 
of the Imperial Service Order. 
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Brooks’s major scientific work was, appropriate to 
his training, the study of past climates, on which he 
was an authority of world renown. His main con- 
clusion in this field, expounded in many papers and 
in his two books on the subject, ““The Evolution of 
Climate” (1922) and “Climate through the Ages” 
(1926, second edition 1949), was that the major 
climatic variations were explicable on the solely 
geographical grounds of changes in the distribution 
of land and sea, of relief, and ocean currents. He 
recognized the importance of the astronomical factor 
of changes in the intensity of insolation due to 
variations in the Sun’s radiation and in the Earth’s 
orbit, but considered this as responsible for only the 
relatively short-period and minor climatic fluctua- 
tions. The great ice ages he considered to be dis- 
turbances in the generally mild climate of the 
Earth’s history which were associated with the 
periods of great mountain-building (Caledonian, 
Alpine, etc.). These conclusions were reached from 
a profound statistical study of the relation of 
climate to the distribution of land and sea and 
ice-cover. 

This statistical work made him the leading British 
expert in statistical meteorology, a subject in which 
his deep knowledge and skill are shown by his last 
book, the ‘‘Handbook of Statistical Methods in 
Meteorology’, written with Miss Nellie Carruthers 
(Mrs. A. H. R. Goldie) and published for the Meteor- 
ological Office by H.M. Stationery Office in 1953. 
He did much, also, on the subjects of seasonal fore- 
casting and solar-terrestrial relations, and, more 
recently, on the distribution of upper winds ; and he 
showed great ingenuity in the solution of the problems 
which come to the Meteorological Office on the 
application of meteorology to economic and industrial 
affairs. In the last-mentioned field his book, “‘Climate 
in Everyday Life” (1950), is a valuable account of 
the use of meteorology in many spheres from agri- 
culture to the design of buildings and packing-cases. 
For twenty-two years he was editor of the Meteor- 
ological Magazine. 

He was for long the world’s leading meteorological 
bibliographer. He made the Meteorological Office 
Library, of which he was for many years in charge, 
a great storehouse of knowledge, comprehensively 
and exactly recorded, and completely recast the 
meteorological section of the Universal Decimal 
Classification to fit it for the accurate recording of 
the great new increases in knowledge of the past 
forty years. He represented the Office on the 
Climatological and Bibliographical Commissions of 
the International Meteorological Organization and 
attended several meetings of those bodies. 

Brooks served the Royal Meteorological Society, 
of which he was Buchan prizeman in 1931, as 
honorary secretary, librarian, vice-president and 
councillor, holding one or more of these offices almost 
continuously from 1916 until 1948. The Society’s 
Quarterly Journal published more than sixty original 
papers of which he was sole or part author. After 
retiring, he collaborated in the production of the 
American Meteorological Society’s Meteorological 
Abstracts and Bibliography, and contributed to it 
some ten thousand abstracts of British and German 
articles. 

Brooks was a man of great energy and enthusiasm 
which were by no means used solely in scientific 
work. He played at first board for the Air Ministry 
Chess Club for many years and was an enthusiast 
for bridge, lawn tennis and swimming. Memorable, 
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too, is his care for the welfare of his staff, notably 
in the difficult dispersal of war-time. 

He married in 1916 Miss Dora Buckeridge, then 
a colleague in the Office, and she survives him with 


their son. G. A. Buty 


Dr. T. A. Henry 


THomas ANDERSON Henry died in Fulham Hos- 
pital, London, on May 4 at the age of eighty-five, 
after a fall at his home. He was born in Dundee on 
January 20, 1873, but received his early education 
in Barrow-in-Furness. Like many of his generation, 
he started his chemical career through pharmacy. 
After serving his apprenticeship, he moved to London 
in 1893, when he was awarded the senior Jacob Bell 
scholarship and passed the Minor and Major Exam- 
inations of the Pharmaceutical Society in 1895. The 
following two years he spent in the Society’s 
research laboratories while holding the Redwood and 
Manchester scholarships. 

In 1896 Dr. Henry was appointed to the scientific 
research staff of the Imperial Institute, and ultimately 
became superintendent of laboratories. During this 
fruitful period at the Imperial Institute he held a 
Salters Research Fellowship and was awarded the 
D.Se. degree of the University of London. During 
this time, also, he became interested in, and examined, 
a large number of natural products of economic and 
scientific importance, among which were cyanogenetic 
glycosides and alkaloids. With the late Sir Wyndham 
Dunstan he published more than a dozen papers on 
cyanogenetic glycosides. He also began writing the 
book by which he will long be remembered, ““The 
Plant Alkaloids’. First published in 1913, the book 
was until quite recently unrivalled and reached the 
fourth edition in 1949. Even to-day, nine years after 
publication, this edition is still widely used and 
quoted. 

In 1919 Dr. Henry left the Imperial Institute to 
succeed the late Prof. F. L. Pyman as director of the 
Wellcome Chemical Research Laboratories, a post 
which he retained until his retirement in 1943. While 
maintaining his interest in alkaloids, on which he 
published many papers and inspired others, he 
developed an interest in chemotherapy, particularly 
in relation to tropical diseases. 

In the laboratory, Dr. Henry was a strict dis- 
ciplinarian ; a meticulous worker himself, he expected 
a similar high standard from his staff. He could be 
especially severe with slipshod writing, for he him- 
self was a master of the exact word and apt phrase. 
But ‘off parade’ there emerged a charming, modest 
and kindly man with the interests and welfare of his 
staff much at heart; many of his technicians owe to 
him their first chance of advancement. Dr. Henry 
was of considerable literary erudition, had wide 
cultural interests and was fond of drama and the 
theatre. He was much interested in paintings 
and spent many holidays in Europe visiting art 
galleries. 

In 1927 Dr. Henry was awarded the Hanbury 
Memorial Medal “‘for high excellence in the prose- 
cution of research”. He was a vice-president of the 
Chemical Society, served on its Council and Pub- 
lications Committee and was chairman of the Library 
Committee. He also served on committees of the 
British Pharmacopewia Commission and the British 
Pharmaceutical Codex. He was an original member 
of the Biochemical Society. T. M. SHarp 
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NEWS and VIEWS 


The Queen’s Birthday Honours List 


Tue following names of scientists and others 
associated with scientific work appear in the Queen’s 
birthday honours list : 

O.M.: Sir Macfarlane Burnet, director of the 
Walter and Eliza Hall Institute, Melbourne. 

Knights: William R. Black, chairman, National 
Research and Development Corporation ; Brigadier 
John 8. K. Boyd, for services to bacteriology, presi- 
dent of the Royal Society of Tropical Medicine and 
Hygiene ; Prof. J. C. Eccles, professor of physiology, 
Australian National University, Canberra ; Friston C. 
How, secretary, Atomic Energy Office; Dr. Willis 
Jackson, director of research and education, Metro- 
politan-Vickers Electrical Co., Ltd.; Prof. Robert 
Rae, director of the National Agricultural Advisory 
Service; Reginald W. Taylor, engineer-in-chief, 
Office of the Crown Agenis for Oversea Governments 
and Administrations, and engineering adviser to the 
Secretary of State for the Colonies. 

C.B.: G. §. Bishop, under-secretary, Ministry of 
Agriculture, Fisheries and Food; J. L. Girling, 
lately comptroller-general, Patent Office and In- 
dustrial Property Department, Board of Trade; 
M. B. Morgan, deputy director, Royal Aircraft 
Establishment, Farnborough. 

0.M.G.: H.R. Binns, director of the East African 
Veterinary Research Organization ; Dr. W. W. Grave, 
principal of the University College of the West Indies ; 
Dr. C. A. Hart, principal of the Nigerian College of 
Arts, Science and Technology ; 8. Hodern, president 
of the Royal Agricultural Society of New South 
Wales ; L. M. N. Hodson, for public services particu- 
larly in connexion with the University College of 
Rhodesia and Nyasaland. 

C.B.E.: C. E. Archey, director of the Auckland 
Institute and Museum, New Zealand; P. A. T. 
Bevan, chief engineer, Independent Television 
Authority ; Dr. T. W. F. Brown, director of the 
Parsons and Marine Engineering Turbine Research 
Association; Prof. D. F. Cappell, professor of 
pathology, University of Edinburgh; J. Corner, 
senior superintendent, Physics Division, Atomic 
Weapons Research Establishment, Aldermaston 
(U.K. Atomic Energy Authority); J. Cowan, prin- 
cipal electrical inspector, Mines Inspectorate, Ministry 
of Power ; A. E. T. Farquharson, principal executive 
officer, Ministry of Agriculture, Fisheries and Food ; 
Prof. G. Gee, Sir Samuel Hall professor of chemistry, 
University of Manchester; Prof. M. Grant, vice- 
chancellor of the University of Khartoum; C. S. 
Hallpike, director of the Otological Research Unit, 
Medical Research Council ; Dr. H. 8. Holden, forensic 
science adviser, Home Office; F. R. Horne, director 
of the National Institute of Agricultural Botany, 
Cambridge ; Dr. R. Lessing, president of the National 
Society for Clean Air; 8. H. F. Lloyd, director of 
the British Institute of Archeology, Ankara; C. P. 
McMeekan, superintendent of the Animal Research 
Station, Ruakura, New Zealand ; D. Miller, director 
of the Cawthron Institute, Nelson, New Zealand : 
E. 8. Moult, director and chief engineer, de Havilland 
Engine Co., Ltd.; Dr. E. H. Nurse, deputy Govern- 
ment chemist; Dr. L. A. Sayce, superintendent, 
Light Division, National Physical Laboratory ; 
H. A. 8. Smith, director of surveys, Federation of 
Nigeria; J. R. P. Soper, director of agriculture, 
Tanganyika ; Prof. E. Thomas, professor of agri- 
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cultural economics, University of Reading, and pro- 


vincial agricultural economist; J. C. Thompson, 
deputy director of electrical engineering, Admiralty ; 
Prof. C. H. Waddington, honorary director of the 
Agricultural Research Council Unit of Animal 
Genetics, Buchanan professor of animal genetics, 
University of Edinburgh; P. O. Wiehé, director of 
the Mauritius Sugar Industry Research Institute. 


New Foreign Members of the Royal Society : 
Dr. André Lwoff 


Dr. AnpDR& Lworr, whose election to Foreign 
Membership of the Royal Society was recently 
announced (see Nature, 181, 1242; 1958), is head of 
the Service de Physiologie Microbienne, Institut 
Pasteur, Paris. He has pioneered in three fields of 
microbiology, and has contributed decisively to their 
advance. His first studies dealt with the nature and 
mode of action of the kinetosomes of the Ciliates. 
He showed that these are cell structures endowed 
with genetic continuity—a property which at the 
time was known only in respect of chromosomes and 
their parts. He succeeded in growing a ciliate in 
pure culture in liquid medium, and made use of this 
to investigate the nature and evolutionary significance 
of the differences in nutritional requirements between 
strains of Protozoa, propounding the hypothesis that 
the specific requirement for an exogenous substance 
reflects a specific failure in the biosynthesis of that 
substance. The biochemical genetics of micro- 
organisms is a direct offspring of this hypothesis. 
Thirdly, by studying the development of single 
bacteria, isolated by means of a micromanipulator 
from cultures of lysogenic B. megaterium, he elucidated 
the cycle of development of bacterial viruses, showing 
that in lysogenic bacteria the virus exists in the form 
of prophage, linked as a gene-like structure to the 
chromosome of the organism, and normally dividing 
in harmony with it, though occasionally breaking 
loose and developing in virulent fashion at the 
expense of the host bacterium to produce a brood of 
free phage particles. His discovery that lysogenic 
bacteria could be ‘induced’ by ultra-violet irradiation 
and other mutagenic agents has had a profound 
impact on the study of virology, biochemistry and 
genetics. 

Academician Nikolai -Semenoff 
“™Nikoial SemEnorr, Academician of the Academy 
of Sciences of the U.S.8S.R., and joint Nobel Prize 
winner in chemistry with Sir Cyril Hinshelwood in 
the year 1956, has been elected a Foreign Member of 
the Royal Society. This formal recognition of his 
services to physical chemistry by his British col- 
leagues will give his many admirers throughout the 
world great satisfaction. Originally a physicist, 
Semenoff, when professor at the Institute of Chemical 
Physics in Leningrad in 1930, turned his attention to 
the theoretical aspects of chain reactions, including 
reactions of combustion, and evolved a very com- 
prehensive and elegant statistical method of treat- 
ment which has remained a guide and inspiration to 
workers in this field ever since. His book, ‘Chemical 
Kinetics and Chain Reactions’’, first published by the 
Oxford University Press in 1935, has now become 
classical. His discovery and analysis of the principle 
of ‘degenerate’ or delayed branching in chain pro- 
cesses, first published in 1930 (Z. phys. Chem., 11B, 
464; 1930), forms one of the most fundamental 
concepts of the theory of combustion processes, and 
now indeed in the kinetics of nuclear reactions. 
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Semenoff’s first analysis of the theory of chain 
reactions was mainly mathematical and formal and 
he rarely ventured to propose intimate chemical 
mechanisms. It is a tribute to his insight that in the 
twenty-five years of intensive work which in all parts 
of the world have followed, his conceptions have been 
clothed with a perfectly fitting chemical garment. 
Arising from this work is the understanding of the 
widespread participation of atoms and free radicals 
in chemical reactions. Part of Semenoff’s later work 
has dealt with the isomerization of free radicals and 
with their elementary reactions. An account of his 
later views and reflexions on chain reactions can be 
found in his recent work, “‘Some Problems of Chemical 
Kinetics and Reactivity”, published in the U.8.8.R. in 
1954, which it is to be hoped wiil be accorded an 
English translation. Semenoff is now director of the 
Institute of Chemical Physics in Moscow, where he 
has a large and widely oriented school of research. 
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Dr. G. Gaylord Simpson 


Dr. GEORGE GayLorD Simpson, who has also 
recently been elected a Foreign Member of the Royal 
Society, is known to all palzontologists as the leading 
student of fossil mammals. He came to London in 
1926 from Yale University to examine the famous 
collection of Mesozoic mammals in the British 
Museum (Natural History), and published splendid 
volumes about them and the parallel collection in 
Yale. From there he has gone on to deal with fossil 
mammals in general, having now published more 
than four hundred papers about them. All this work 
is of the highest quality, accurate and reliable in 
statement of fact, and he has used these facts in dis- 
cussion of problems of many kinds, the classification 
and interrelationships of mammals, studies of past 
geography on which they throw light, and in the con- 
sideration of theories of evolution and the mechanisms 
which have brought it about. He has himself made 
extensive and dangerous journeys in pursuit of fossil 
mammals and the study of the conditions under 
which they existed. 


Prof. Arthur Stoll 


Pror. Artaur Stott of Sandoz A.G., Basle, Switz- 
erland, has recently been elected a Foreign Member 
of the Royal Society in recognition of his outstanding 
studies on the chemistry of natural products. His work 
has been mainly concerned with the elucidation of the 
structure of natural products of pharmacological 
importance and is characterized by the difficulty 
of the problems which have been selected and the 
great experimental skill which their study has 
demanded. Stoll received his early scientific training 
at the Eidgenéssischen Technischen Hochschule in 
Zurich where his first researches were carried out with 
Prof. Richard Willstitter. This work was concerned 
with the determination of the structure of chlorophyll 
and the mechanism of carbon dioxide assimilation ; 
it is regarded as one of the classical achievements in 
plant biochemistry. When Willstitter became direc- 
tor of the Kaiser Wilhelm Gesellschaft Institut in 
Berlin in 1912, Stoll was appointed as his personal 
assistant, and in 1915 this collaboration was con- 
tinued when Willstatter succeeded Baeyer at Munich. 
This association and friendship had a great influence 
upon Stoll’s subsequent work, and Sir Robert 
Robinson in his Willstatter Memorial Lecture has 
referred to the debt which chemists owe to Arthur 
Stoll for the help and hospitality in Switzerland which 
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he extended to Willstaitter when the latter was 
expelled from Germany in 1939. 

In 1917, Stoll left Munich and joined the Pharma- 
ceutical Department of Sandoz A.G. Since then his 
researches have extended over a range of important 
natural products. He played a leading part in the 
elucidation of the structure of lysergic acid and the 
ergot alkaloids which are so important in obstetric 
medicine and psychiatry. More recently he has been 
concerned with the chemistry of Veratrum, Rauwolfia 
and certain tropane alkaloids. The determination of 
the structure of cardiac glycosides from Digitalis 
and the active principles of Senna were extremely 
difficult problems experimentally and are of consider- 
able interest. Stoll has also identified various com- 
pounds with novel structures in his studies of certain 
antibiotics. Stoll is associated with nearly three 
hundred publications, many of which are landmarks 
in research on natural products. The articles in the 
Festschrift published in celebration of Stoll’s seven- 
tieth birthday on January 8, 1957, indicate the impor- 
tant influence which he has had in this branch of 
chemistry. Stoll has received many honours and in 
1955 he was president of the International Union of 
Pure and Applied Chemistry. 


Bonding of Bone Fractures with Plastics 


Tue following cablegram was received at Nature 
office on June 16 from Bernard Bloch, assistant 
orthopedic surgeon in Sydney Hospital: ‘“Ethoxyl- 
ine resins have been used successfully in bonding 
fractured bones in live sheep. These adhesives have 
proved non-toxic, and microscopically new bone has 
grown freely through and around the plastic. The 
affected animals have been able to run about within 
two days, and the fractured limbs have clinically 
united within ten days without any plaster casts or 
supports. In conjunction with Dr. F. L. Connors, 
of the New South Wales University of Technology, a 
full research scheme is under way including the use 
of resin-impregnated glass filaments and other 
adhesives”’. 


The Computer Journal 


TuE first issue of The Computer Journal (1, No. 1. 
Pp. xvi+48. Subscription price per year, 50s. ; 
7 U.S. dollars. Single copies, 15s. London: British 
Computer Society, 1958) was published in April. It 
is to be issued quarterly by the recently formed 
British Computer Society and its aim is “to provide 
@ permanent record of papers and notes of lasting 
interest to all who are engaged in the development 
and use of computational machinery and related 
techniques”. In doing so, it will undoubtedly satisfy 
a@ genuine need. The publication of interesting 
developments in numerical analysis and, more 
recently, in high-speed computing techniques has 
hitherto not been at all satisfactory; important 
techniques have often remained unpublished because 
the basic mathematics was not in fact new, while 
those that have been published have been widely 
scattered due to association with problems in very 
different fields. The editors comment on the wide 
diversity of subjects covered by the contributions to 
the first issue, but for this they make no apology and 
none is needed. If future expansion warrants it, a 
division could always be made into two series covering 
scientific applications and business applications, but 
it is precisely because papers on a wide variety of 
topics with a common basic interest can now be 
gathered together within one cover that computer 
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users have cause to be particularly grateful. We 
welcome a journal which may actually help to reduce 
the amount of literature that has to be read. 


Government Support for Civil Research 

In the House of Commons on June 10, Mr. R. E. 
Prentice asked the Parliamentary Secretary to the 
Ministry of Works, as representing the Lord President 
of the Council, what steps he proposes to take to 
increase the scale of Government assistance for 
scientific research for civil purposes, in view of the 
concern expressed by the Council for Scientific and 
Industrial Research that its existing resources are too 
small. In a written answer, Mr. H. Nicholls said that 
in recent years the Government has been providing 
funds for scientific research on a steadily increasing 
scale, and the Lord President is now awaiting the 
proposals of the Council for the quinquennium ending 
March 31, 1964. 


Government Grants for University Building Pro- 

jects 

A QUESTION regarding the curtailment of projected 
university developments in building and proposed 
increases in scientific and technical teaching staff in 
the academic year 1958-59 in consequence of the 
inadequacy of the present quinquennial grant was 
raised in the House of Commons, and provoked a 
written reply on June 10. The Chancellor of the 
Exchequer was asked whether he would adjust the 
current grant to take account of the changing value 
of money, and in reply he pointed out that university 
buildings are financed by capital grants, which are 
quite separate from the quinquennial settlement of 
recurrent grant. Some universities may not be able 
to achieve in 1958-59 the increase in scientific and 
technical teaching staff which they had hoped ; but, 
with the best will in the world, there must be a limit 
to the resources which can be made available even 
for expanding university facilities. 
The Soviet Contribution to the International 

Geophysical Year 

InFoRMATION BULLETIN No. 4 of the Academy of 
Sciences of the U.S.S.R., 1958, contains in 122 pages 
the following (in Russian): the report of the Bureau 
of the Special Committee of the International Geo- 
physical Year, dated June 30, 1957, on the collection 
and storage of the results obtained ; three reports on 
the construction, mode of operation and scientific 
tasks of the artificial Earth satellites (Sputniks 1 and 
2); and a report on the working of recording marine 
buoys. These are followed by brief notes on the 
study of the inhomogeneity of the ionosphere, on 
the electrophotometric study of the luminosity of the 
night sky, and by a report of the special committee 
on the geographical distribution of observation points, 
organization of observations, exchange of information, 
timing and other subjects—a very detailed enumera- 
tion of the objects of study. Then there are reports 
of the Soviet Antarctic expedition for 1955-57, on 
the study of the variation of the magnetic field, on 
the conference of East European countries on the 
determination of local times, longitude and latitude, 
on the organization of special world intervals of 
observations and one on the fourth Antarctic Con- 
ference. 

The Academy of Sciences of the U.S.S.R. has also 
published a bibliographical list (International Geo- 
physical Year: Bibliographical Index of Literature 
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in the Russian Language for 1954-1957) comprising 
more than 450 titles of books and articles dealing with 
the International Geophysical Year, which includes 
both scientific and popular scientific literature and 
works dealing with the complex Arctic and Antarctic 
expeditions organized in conjunction with the Geo- 
physical Year. These publications are in Russian, 
but an English translation of the contents is given. 
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Plastic Wrappers 


In recent years plastics have been increasingly used 
in the home and in industry for the wrapping and 
storing of many different articles of food, and there 
is no doubt that these newer and convenient wrapping 
materials have effected a rapid transformation in food 
marketing and distribution and that they have made 
an important contribution to food hygiene. It is now 
recognized, however, that the term ‘plastics’ covers 
materials which cannot be regarded as chemically 
inert, and the British Plastics Federation has pub- 
lished a report (Report of the Toxicity Sub-Com- 
mittee of the Main Technical Committee. Pp. 20. 
London: British Plastics Federation, 1958. 5s.) for 
the guidance of manufacturers. The report is 
concerned solely with plastics that are to be used in 
association with foodstuffs and beverages ; it is noted 
that the injudicious choice of raw materials for such 
plastics could conceivably affect the consumers of the 
foods concerned. It is proposed that manufacturers 
and converters of plastics should adopt a voluntary 
scheme for the examination of representative test 
pieces of materials intended for use with food, so that 
materials falling within the agreed specifications 
could be suitably labelled. Details are given of 
testing methods, involving first the extraction of 
materials under carefully controlled (including 
extreme) conditions designed to simulate the action 
of a stored food or beverage, and then the examination 
of extracts for toxicity. 


Atmospheric Pollution 


Smuvce 1914, regular climatological measurements 
of atmospheric pollution have been made by local 
authorities and ‘co-operating bodies’ in Britain. Sum- 
maries of their recent returns (The Investigation of 
Atmospheric Pollution : a Report on Observations in 
the Year ended 3lst March, 1956. Pp. iv+123. 
London: H.M. Stationery Office, 1958. 7s. net) 
show the number of instruments in use to have 
increased from 1,722 to 2,113 in the past year. Their 
efforts would have seemed in vain if they were not 
accompanied by practical measures to control air 
pollution. News of such activities can be found else- 
where (Smokeless Air. Published by the National 
Society for Clean Air, No. 105. Spring 1958. 2s.), 
but the same report includes an account of progress 
at the Fuel Research Station on the abatement of 
atmospheric pollution from boilers, domestic heating, 
and metallurgical furnaces. When the Fuel Research 
Station at Greenwich moves to Stevenage later this 
year, its work on atmospheric pollution will be con- 
tinued. This must surely add momentum to the 
implementation of the Clean Air Act, the full pro- 
visions of which come into force in England and 
Wales on June 1. 


South African Research 


Tue Register of Current Scientific Research at 
South African Universities, 1956 (pp. vii+25l. 
Pretoria: South African Council for Scientific and 
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Industrial Research, 1957) is the fifth volume to be 
issued in this series and follows the arrangement of 
earlier volumes. Entries are made alphabetically by 
university under the name of the university depart- 
ment, except that all chemistry entries are placed 
under the one general heading chemistry (inorganic, 
organic and physical), and entomology entries may be 
found under zoology when entomological work is done 
in the Department of Zoology. The information is 
given in the language in which it was received from 
the universities, but headings and subheadings are 
in English only and an English translation is given 
of the subject of each research reported in Afrikaans. 
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Zoological Society of India 


An Indian Zoological Society was founded in 1939 
but, due to the death of the convenor of its com- 
mittee of formation and the outbreak of war, it fell 
into abeyance. It was reconstituted, however, under 
its present title of the Zoological Society of India in 
1947. The first Year Book of the Society for the 
year 1956-57 has now been published (pp. ii+48+ 
2 plates. Calcutta: Zoological Society of India, 
1957. Rs. 2), corresponding in format with the 
Society’s Journal, of which nine annual volumes have 
now appeared. The contents of the Year Book, 
reports of officers, rules, list of members, etc., are 
those customarily found in such publications. It also 
includes photographs of the two gold medals awarded 
by the Society and of their recipients, Dr. M. L. 
Roonwal and Dr. H. R. Mehra. The Society is 
undertaking to continue the well-known series of 
Indian Zoological Memoirs initiated by the late Prof. 
K. N. Bahl, of which the ninth, on Dasyatis, the 
Indian sting ray, by Dr. M. Chaudy, is almost ready 
for distribution. 


Lady Tata Memorial Awards for 1958-59 


Tue Trustees of the Lady Tata Memorial Fund, on 
the recommendation of the (European) Scientific 
Advisory Committee, have made the following awards 
for research on leukemia and allied diseases in the 
academic year beginning October 1, 1958: Grants 
for research expenses (renewals), Dr. M. Seligmann 
(Institut Pasteur, Paris) ; Dr. M. Simonsen (Institute 
of Pathological Anatomy, Copenhagen); Prof. B. 
Thorell (Karolinska Institute, Stockholm); Dr. M. 
Bessis (Centre National de Transfusion Sanguine, 
Paris); Prof. G. Klein (Karolinska Institute, Stock- 
holm); Dr. Jan Ponten (Patologiske Institutet, 
Upsala), new award. Scholarships, Dr. A. J. 
Therkelsen (Institute of General Pathology, Aarhus), 
renewal ; Dr. Aiyappan Pillai (Centre de Microscopie 
Electronique, Lausanne), new award. 


Announcements 


Sm Cxartes GoopeEvE, director of the British Iron 
and Steel Research Association, has been elected 
Master of the Salters’ Company. 


Dr. Gregory Pryovus has been awarded the Oliver 
Bird Trust Prize for 1957, specifically for a paper 
entitled “Fertility Control with Oral Medication”, 
and generally for the contributions made under his 
direction to the study of fertility and its control in 
the Worcester Foundation for Experimental Biology, 
Shrewsbury, Massachusetts. 


_Art the annual general meeting of the Royal Statis- 
tical Society on June 18, Sir Harry Campion was 
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re-elected president for the ensuing year. Mr. B. 
Benjamin, Miss J. I. Douglas and Dr. P. Armitage 
were elected honorary secretaries and Mr. R. F. 
Fowler was re-elected honorary treasurer. Mr. R. F. 
George retires as an honorary secretary after com- 
pleting ten years of office. The Guy Medal in silver 
was awarded to Prof. G. A. Barnard. The Frances 
Wood Memorial Prize was awarded to Mr. David 
Hewitt. 


THE International Commission on Zoological 
Nomenclature has now secured new office accom- 
modation (see Nature, 181, 1308; 1958), and all 
correspondence relating to the work of the Com- 
mission in connexion with the coming International 
Congress of Zoology should in future be addressed to 
Mr. R. V. Melville, Assistant Secretary, International 
Commission on Zoological Nomenclature, 119 Park- 
way, Gloucester Gate, London, N.W.1. 


THE seventh International Symposium on Com- 
bustion, organized by the Combustion Institute in 
collaboration with the Institute of Fuel, is to be held 
in Oxford during August 27-September 3. Full 
details may be obtained from the Institute of Fuel, 
18 Devonshire Street, Portland Place, London, W.1. 


A SUMMER SCHOOL on “The Science and Art of 
Health Education”, arranged by the Central Council 
for Health Education, is to be held at Bishop Otter 
College, Chichester, during August 19-29. The school 
is intended for medical officers of health, physicians, 
teachers, public health inspectors, nurses and welfare 
officers and all whose work involves health teaching. 
Further information can be obtained from The 
Medical Director, Central Council for Health Educa- 
tion, Tavistock House, Tavistock Square, London, 
W.C.1. 


THE College of Technology, Birmingham, is again 
offering a full-time course of three weeks duration on 
“Statistical Quality Control and Acceptance Samp- 
ling’? commencing on September 8. While the course 
is primarily intended as an introduction to the subject, 
nevertheless it provides the basic training necessary 
for quality control engineers. Further information 
can be obtained from the Registrar, College of 
Technology, Birmingham, 4. 


A Two-Day meeting of the Royal Meteorological 
Society, preceded by a dinner and reception, will be 
held in the Museum Building, Trinity College, Dublin, 
during June 25-27, by invitation of the Department 
of Meteorology and Geophysics, School of Cosmic 
Physics, Dublin. The meeting, which is open without 
fee to non-members, is to be devoted to discussions on 
atmos:heric aerosols and aeronautical meteorology 
on June 25 and 26 respectively. Further details may 
be obtained from the Assistant Secretary, Royal 
Meteorological Society, 49 Cromwell Road, London, 
8.W.7. 


Erratum. In the article on ‘Role of Plant Hor- 
mones in Algal Metabolism and Ecology” by Dr. 
Joyce A. Bentley in Nature of May 31, the sentence 
en p. 1500 beginning on line 16 should read: 
“Similarly, the same two peaks occur in Oscillatoria 
acid and saponified fractions, together with some 
indole colour reactions, in Analaena medium acid 
fraction and aqueous non-saponified (first zone dis- 
placed nearer the starting line), and filtered sea-water 
acid fraction’. 
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SCOPE AND LIMITS OF COLOUR MEASUREMENT 


A‘ a Symposium arranged by the Physical Society 
Colour Group and held at the Imperial College 
of Science and Technology, London, on April 2, the 
present state of progress in the application of toler- 
ances to colour measurement in widely differing fields 
was described and discussed. Tolerances represent 
an important problem in colour control, which the 
adoption of measurement for the specification of 
colour has made real and explicit. Papers on colour 
tolerance in lighting and in colour reproduction also 
brought in the subjects of colour rendering and 
tolerances in reproduction. 

As it is generally known that standardized colour 
measurement has been in use for more than a quarter 
of a century, the onlooker versed in normal techniques 
of measurement might be excused for thinking that 
the application of tolerances to measurements of 
colour is long overdue. But tolerances relate primarily 
to the quantity measured, and whereas in the measure- 
ment of most quantities—by reason of a uniformly 
valid correlation between differences in the quantity 
measured and the scale of magnitude adopted—the 
accuracy or tolerance can be deduced forthwith, in 
the case of colour this is not so. The magnitudes in 
terms of which a given colour is ‘measured’ are to be 
considered as ultimately linking that colour, through 
an implied visual judgment of matching equality, 
with a colour determined by the basis of measurement. 
The quantity measured thus enters only in individual 
states of match, like terms in a series, and unrelated 
with concepts analogous to that of distance, so that 
no difference relationships exist. A limited range of 
matching equivalence, determining the effective 
range of validity of the measurement, is, of course, 
implied by the existence of a perception limen or 
threshold. The margin of equivalence is, in a sense, 
an essential part of the definition of the identity 
which it is the purpose of any psycho-physical 
measurement to establish. A measurement of colour 
is logically not really complete without supplementary 
information of this character. It lies, moreover, at the 
root of the problem of colour tolerance. 

The information already available on this subject 
although extensive is not adequate, applying as it 
does largely to individual observers. The ultimate 
aim, for the purposes of the psycho-physical and 
technical applications of colour measurement, would 
be to obtain data statistically valid and applying to 
one or more representative sets of conditions of 
observation. The amount of observational work 
implied is very great, as may be realized from the 
fact that the MacAdam single-observer (P.G.N.) 
(P.G.N. denotes Perley G. Nutting, observer) data! 
for the chromaticity field at constant luminance 
for one set of conditions of observation were based 
upon some 25,000 observations. Priest* in 1928 en- 
visaged the compilation of “comprehensive definitive 
data” on this subject after the lapse of “a great many 
years”, but this object is still very far from being 
attained. 

Meanwhile, individual methods of applying colour 
tolerances are not lacking. Eight different formu- 
lations of colour tolerance, all of which have their 
supporters in various applications and laboratories 
of the world, were described by J. W. Perry in 


an introductory paper. This remarkable diversity 
is partly indicative of the fluid state of the subject : 
a central problem of colour tolerance certainly exists, 
but its interpretation and possible individual charac- 
teristics are different for each industry. The present 
formulations of colour tolerance depend basically 
upon actual or approximate discrimination data. 
Users of MacAdam’s* chromaticity ellipses generally 
incorporate an empirically derived luminance term, 
although the more complete and elaborate six-term 
form based upon the work of Brown and MacAdam‘ 
has also been used. Various alternative systems of 
colour tolerance based upon different quasi-uniform 
chromaticity systems have been adopted for use in 
industry. The most highly developed of these is that 
due in its original formulation to Judd® and known 
as the National Bureau of Standards (N.B.S.) 
system. This permits adjustment of constants to 
account for super-imposed specular reflexion and for 
the degree of proximity in the comparison of materials 
for colour. Various other systems are based upon 
realizable uniform colour spaces, chief among which is 
the Munsell system, or upon formulations of func- 
tional properties based on these, such as the 
Saunderson—Milner ‘zeta’ space. Many colour tech- 
nologists, concerned as much with the subjective 
aspects of colour as with formal standardization, 
base their approach as much upon the Munsell 
system as upon the International Commission on 
Illumination (C.I.E.) system. 

Although such tolerance systems are used by the 
leading exponents, there appears to be considerable 
scope for a more general realization of the value of 
measurement of colour and assessment of tolerance 
in industry at large. Thus, much waste of effort 
results from numerous suppliers attempting to match 
colours absolutely in the absence of a stated tolerance. 
Excessive variations in colour occur at times across 
dyed textiles. An example exhibited by F. L. 
Warburton (exhibited at the Physical Society Exhib- 
ition in March) showed up flagrantly when the limits 
of variation appeared together at a seam. Architects 
and others desire to rely upon paint manufacturers in 
general to adhere to certain stated tolerances (prefer- 
ably on the Munsell scale). There is clearly some 
scope for a wider application of colour tolerance. 

The varying conditions and requirements applying 
to different industries were apparent from the dis- 
cussions. When, as is customary, motor-car body 
components of appreciable size, made at different 
times using different batches of paint, are assembled 
together in a good light, very small differences of 
colour are perceptible. In this case, as was stated by 
P. S. Williams, rejections take place if these differ- 
ences exceed 0-5-1-0 MacAdam units (1942/3 
standard-deviation ellipses). This corresponds 
approximately in colour discrimination to between 
one-eighth and one-quarter of the difference in colour 
between the two D-lines of sodium, or approximately 
0-75-1-5 A. Presumably the economic implications 
of applying this high standard of rejection are fully 
realized in the industry, so that parts are not rejected 
merely because minute differences in colour can be 
seen in exceptionally favourable circumstances; 
also that control of colour as a whole, taking into 
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account secondary influences such as changes with 
time, permits of this accuracy. Evidently when 
economic and technical limitations cease to play an 
important part in assessment of tolerance, the limits 
of discrimination of colour become the sole determ- 
ining factor. 

The considerations guiding the Society of Leather 
Trades’ Chemists in formulating specifications of 
colour tolerance were described by J. 8S. Mudd. The 
system adopted is based as regards chromaticity dis- 
crimination upon the ‘rectangular uniform chrom- 
aticity system’ of Breckenridge and Schaub, and in 
respect to luminance upon an adaptation of Nicker- 
son’s observations on luminance-factor discrimination. 
An interesting sidelight on the relative value of in- 
strumentation was provided by the results of tests 
employing a panel of ten observers It was repeatedly 
found that near the limit of discrimination, when 
individual judgments were variable and differed 
between different observers, a single instrumental 
test sufficed to give a result agreeing with the average 
result obtained from ten observers. 

In these industries, accelerated fading tests, for 
which the xenon lamp has been found very serviceable, 
are based upon measurements of colour-difference 
referred to such tolerance units. Metameric matches, 
always undesirable and sometimes prohibitive, call 
for spectrophotometric as well as colorimetric control 
and are limited by colour tolerances relating to 
illuminants of two differing colour-temperatures. 

The situation in the colour-printing industry does 
not appear highly favourable to control of colour in 
spite of the development of special techniques for 
increasing the accuracy of colour-printing processes as 
described by Hughes and Lott. Here it is not the 
MacAdam ellipses or other unit of visual discrimina- 
tion which ultimately sets the pace but the accuracy 
of reproduction of colour by the ink-maker. Matters 
of cost and other controls necessary in the production 
of ink apparently limit the colour control possible. 
Colour tolerances in printing are based entirely 
upon tests on the inks received by the printer and as 
a result are often very lax or even impossible of 
assessment. 

Near-white papers are relatively easy to control, as 
they are mainly subject to a variation of colour in 
one parameter only, dependent almost entirely upon a 
varying absorption in the blue region of the spectrum. 
Bleaching processes and any added coloration may 
be controlled by abridged spectrophotometry. It was 
pointed out by J. M. Adams that constant adherence 
over a long period to a fixed colour specification for a 
near-white paper is not generally required. White 
papers are of general interest from the point of view 
of control of luminance-factor, as it is known that, 
in estimating whiteness, the eye is able to compensate 
for a loss of colorimetric purity by an increase in 
luminance factor. Luminance-factor requirements 
are known to be very variable in the case of textiles 
even when purity is high. Quite considerable varia- 
tions appear admissible in some instances when 
chromaticity requirements are ingent. Other 
anomalous cases occur when a tendency to yellowing 
is resisted in assessment of matching because of 
implications connected with ageing. In this difficult 
field the assessment of colour tolerance in measurable 
terms must rest largely upon specially conducted 
statistical tests, taking into account all physical and 
psychological conditions. 

From the point of view of standardization of colour 
tolerance in Britain, the fluorescent lamp industry is 
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fortunate in that it now has virtually no problem, in 
any event as concerns tolerance upon colour identity. 
In British Standard 1853 (1956) colour specifications 
are given for various types of lamps and are accom- 
panied by chromaticity tolerances in terms of 
MacAdam’s? unit discrimination ellipses. (The associa- 
tion with these units of the term ‘minimum percept- 
ible colour difference’ is unfortunate, as it results in 
ambiguity and raises questions of interpretation in 
terms of conditions of perception which are not 
stated.) Luminance is covered only by minimum- 
flux requirements. It is interesting to learn that 
fluorescent lamps may readily be produced to a 
chromatic accuracy comparable with the difference 
in colour between the two sodium D-lines. 

A reservation of importance in connexion with the 
general application of such tolerances is clearly 
expressed i1 this standard, namely, that the toler- 
ances stip.!ated do not include errors of measurement. 
This is si,nificant in relation to present demands for 
spectrophotometric accuracy. Such demands, more- 
over, are not confined to this field. In colorimetry 
at present, in order to dispense with colour-standards 
of doubtful permanence, it is required to make 
absolute measurements of colour to an accuracy 
exceeding that with which the fine differences of 
colour can be perceived—much as though an absolute- 
length interferometer might be required, for everyday 
use, for measuring lengths of the order of millimetres 
to a fraction of a wave-length of light. Physical 
colorimetry is thus confronted with demands for 
purposes of routine measurements far more exacting 
than any which could be met in the laboratory with- 
out recourse to interferometry, no counterpart of 
which as a powerful auxiliary to metrology exists for 
photometry. 

Maintaining a standard chromaticity for the colour 
appearance of a fluorescent lamp still leaves wide 
scope for variation in the distribution of spectral 
energy which, if not suitably controlled, can seriously 
affect its acceptance as a general-purpose illuminant. 
Assume, for example, ” given spectral reflexion func- 
tions relating respectively to n different, familiar, 
distinctively coloured objects and giving rise, in con- 
junction with a certain, approximately black-body 
illuminant, to n different chromaticities and corre- 
sponding colour sensations under certain ordinary 
conditions. Then between these different sensations, 
when simultaneously perceived as associated with the 
respective objects, a complex subjective relation 
exists, related to the observing conditions and 
attributable to an acquired sense of chromatic 
morphology in the field of colour recognition. This 
relation is readily appreciable (although at present 
not precisely definable) and, by virtue of experience 
and adaptation, is fairly stable for a change in energy 
distribution in the range of near-black-body illum- 
inants. The widely differing energy distributions 
possible in the mixed line spectrum and continuum 
of the fluorescent lamp spectrum are apt, however, to 
disturb this interchromatic relation unduly unless 
careful control is exercised. Again we are concerned 
with determining in physical terms the range of 
validity of a subjective colour relation. 

The simple control of the energy distribution in 
relative terms applying to specified spectrum bands, 
which is the method most generally favoured, is the 
subject of much current discussion and long-standing 
investigation. Dr. J. W. Strange emphasized the 
inappropriateness, in his view, of applying more 
exacting tolerances to spectral energy distribution 








1706 


than are justified by the available results of experi- 
mental test, and favoured a five-band division of the 
spectrum for the control of energy distribution—one 
of the methods included in British Standard 1853 
(1956). 

Colour photography, with its possibilities for 
documentary and scientific record as well as for 
pictorial representation, was discussed as regards 
accuracy from both aspects: it is well known, how- 
ever, that bearing in mind the inherent limitations 
of the process, its local colour accuracy is not to be 
reckoned in terms of discrimination limens. Dr. 
R. W. G. Hunt presented a tentative theory of 
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colour tolerance for pictorial similitude under varying 
conditions of adaptation which, subject to the 
validity of some doubtful assumptions, appeared to 
provide the basis for a theoretical criterion for the 
further refinement of the process. 
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J. W. PERRY 


1 MacAdam, D. L., J. Opt. Soc. Amer., 32, 247 (1942). 
2 Priest, I. G., J. Opt. Soc. Amer., 16, 117 (1928). 
3 MacAdam, D. L., J. Opt. Soc. Amer., 38, 18 (1943). 
*Beormiy RB. J.; and MacAdam, D. Si J. Opt. Soc. Amer., 39, 454 
5 Judd, D. B., oon. J. Physiol., 62, 418 (1939). See also —, A # 
Ju idd, 2 and Hunter, R. 8., Bull. Amer. Soc. Test. 
ae io, 19 Pioal) : Hunter, R. 8. Nat. Bur. Stand. Circ., Os 


GENETIC ASPECT OF SOMATIC CELL VARIATION 


HILE our knowledge of variation within 

populations of micro-organisms is large and 
impressive, technical difficulties have impeded ad- 
vance in the study of cell variation in somatic tissues. 
In consequence, our understanding of the basic 
feature in organic development and differentiation is 
scanty. It was therefore timely to choose the genetical 
aspects of somatic cell variation as the topic of dis- 
cussion for the eleventh Biology Research Con- 
ference, held in Gatlinburg, Tennessee, during April 
2-5, sponsored by the Biology Division of the Oak 
Ridge National Laboratory. About two hundred and 
fifty scientists attended. 

The wide spectrum of somatic cell variations 
attributable to changes in the nuclear or cytoplasmic 
determinants of heredity was reviewed by C. Stern 
(Berkeley) and B. Ephrussi (Paris). In these detailed 
surveys, examples were given of various nuclear 
phenomena such as somatic crossing-over, mutation, 
genome separation, chromosome elimination, nuclear 
fusion, and endomitosis which result in cellular 
variation. Ephrussi described particular changes 
occurring in cytoplasmic components, such as 
plastids and microsomes, and which can be studied 
by genetical methods. 

Cells vary in their capacity to produce specific 
proteins which behave as antibodies. A. H. Coons 
(Boston) pointed out that cells not only acquire the 
ability to manufacture antibodies, but also retain 
this ability long after the antigenic stimulus has been 
removed. Coons provided evidence to show that 
these particular cells are stimulated to proliferate by 
a second exposure to antigen. The new cell population 
has the same immunological response. This phen- 
omenon has all the characteristics of acquired 
inheritance of a cellular function. While Coons used 
immunological reagents tagged with fluorescent dyes 
to study antibody formation in vivo, J. Lederberg 
(Madison) and E. 8. Lennox (Urbana) studied anti- 
body production by single cells from hyperimmune 
animals in vitro. All these investigators failed to find 
evidence of production of more than one antibody by 
a single cell at any one time. 

C. W. Cotterman (Dallas) analysed several cases of 
irregularity in the human ABC blood group in which 
a@*minute proportion of blood cells was of aberrant 
antigenic type. K. C. Atwood (Oak Ridge) described 
a method by which phenotype variability in human 
erythrocytes can be detected. Some of the variations 
discussed by these investigators may be explainable 
only by mutation, some may be serological freaks, 
others are no doubt only cases of homozygosis for 


one of a pair of heterozygous gene loci, brought 
about by loss, non-disjunction or somatic crossing- 
over of chromosomes. Though the exact mechanism 
by which Atwood’s exceptional cells arise is yet to 
be determined, it seems reasonable to assume that in 
some instances mutation is the cause. Atwood 
estimates that the mutation-rate in the human 
erythrocyte is 3 x 10-* per hour or 7 x 10° per 
cell division. 

The antigenic properties of tumour cells have been 
studied by G. Klein (Stockholm). He induced tumours 
in F, hybrids of coisogenic resistant mice hetero- 
zygous for H-2 histocompatibility locus, and changes 
were detected in antigenicity when they were trans- 
planted into the parental strains. The new tumour 
variants of Klein showed predilection for one of the 
parental strains, which raises the intriguing question : 
Does the missing complementary variant represent a 
reversion to normal cell behaviour? J. Lederberg 
(Madison) in his summing-up of the Conference pro- 
posed the idea that Klein might be dealing with 
homozygosis for one of the two H-2 alleles in the 
heterozygote due to somatic crossing-over and that 
the closely linked and dominant gene for malignancy 
has been lost from one of the sister cells. 

How specific interaction of genes may be the source 
of cellular variation was discussed by R. A. Brink 
(Madison). Analysing the behaviour of a mutable 
gene which determines pericarp colour in the endo- 
sperm of maize, he was able to disentangle some of 
the complexity of interaction between gene and its 
‘controllers’ or ‘modulators’. The latter are spatially 
associated with the gene and when they are transposed 
to new loci, phenotype differences are produced. 
Brink found no correlation of ‘modulator’ activity 
with orderly development, which suggests that they 
are not important determinants of differentiation. 
The possible path of interaction between factors, 
which results in the formation of the melanotic 
pseudo-tumours in Drosophila, was discussed by ©. 
Barigozzi (Milan). 

Impressive methodical refinements, both cyto- 
logical and serological in nature, were employed by 
T. S. Hauschka (Buffalo) to demonstrate the wide 
spectrum of heterogeneity in tumour cell populations, 
and the various degrees of correlation which may 
exist between particular properties, for example, 
antigenic specificity, drug resistance and chromosome 
number. C. E. Ford (Harwell) carried out cytological 
analysis of spontaneous primary tumours in mice 
and those induced by radiation, and found that in 
some tumours the chromosome number was the samé 
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as in normal tissues, whereas in others the number 
varied but remained close to the normal diploid num- 
ber.'| He provided evidence to suggest that the various 
chromosome types in tumours are very likely to have 
been derived through the operation of selection on 
existing variation. The extensive studies which have 
been carried out by Hauschka and his school have 
shown that during the development and ‘progression’ 
of tumours the numerical and structural changes in 
chromosomes can become determining factors of 
virulence, invasiveness and isoantigenicity. Their 
investigation can also be expected to throw light on 
some of the mechanisms which may be involved in 
the initial process of malignant transformation as 
well as in the differentiation of normal cells. 

The usefulness of in vitro cultivation of mammalian 
cells in studying cell variations was stressed by T. T. 
Puck (Denver). His agar plating technique facilitates 
the maintenance of genetic stability in cell clones, 
and permits an investigation of the occurrence and 
behaviour of experimentally induced cell variants. 
Using his method, Marguerite Vogt (Pasadena) pro- 
duced clones resistant to polio virus in a human 
epidermoid carcinoma (HeLa), cultivated in vitro. 
She found that the HeLa cell variants resistant to 
polio differ in morphology and chromosome numbers 


SOUTH-EASTERN UNION 


HE South-Eastern Union of Scientific Societies 

held its sixty-third Annual Congress in Reading 
during April 9-12, under the presidency of Prof. 
H. L. Hawkins. Throughout the Congress an 
exhibition of biological, botanical and general interest 
was on display in the Zoology Main Laboratory of 
the University, including an exhibition of cold-water, 
tropical and marine life shown by the Reading 
Aquarists’ Society. A young naturalists’ evening was 
held in the Chemistry Lecture Theatre and attracted 
a large audience. Questions ranging over a large 
number of subjects were answered by a panel of 
experts. 

The presidential address to the Union was delivered 
by Prof. H. L. Hawkins, who chose the title “‘All the 
World’s a Stage”. He began by pointing out that it 
is important to know something of the stage before 
considering the players. The stage is a chemical and 
physical one, never constant owing to imperfection, 
but performances were as usual during alterations. 
Regarding the players, their exits were obvious, 
while they usually sneaked on unobserved. There 
were various parts to play, star and others. Players 
were always growing older, that is, changing, and 
the cast was continually renewed to replace the 
superannuated ; with both the stage and players there 
was a limitation of scope. The newcomers were 
required to be adaptable—stereotyping of the per- 
formers could lead to their extinction and the change 
of scenery (environment) produced a change of type. 
There never was a real repetition. When men and 
women arrived there was the same stage with the 
same rules and, if the same sort of play, the same 
result. Humans were the only creatures able to have 
ideas beyond their experiences, having the capacity 
for modifying the stage, usually with disastrous 
results. The capacity for acting new plays is sug- 
gested but not yet adopted. The ability to have 
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from the cells of sensitive clones. The mutation-rate 
of the resistant cell variants was estimated to be 
8 x 10°. J. W. Braun (New Brunswick) discussed 
competitive interactions which occur in bacterial cell 
populations at metabolic level and argued that 
similar processes may be responsible for variations 
within somatic cell populations. 

The observations of the various contributors demon- 
strated the great diversity of mechanism by which the 
cellular phenotype can be altered. Lederberg in his 
summary made an attempt to classify the molecular 
basis of information within the cell which determines 
the cellular phenotype. According to him, there are 
two kinds of information : ‘nucleic’ and ‘epinucleic’ ; 
the former is determined by the base sequence of 
polynucleotides in the deoxyribonucleic acid molecule 
and it is constant from cell to cell. As ‘epinucleic’ 
phenomena, Lederberg suggested changes in the 
protein moiety or changes in the deoxyribonucleic acid 
structure not associated with base sequence alteration. 

In order to distinguish between cell variants of 
different kinds, Lederberg stressed the importance of 
using normal, genetically labelled cells and of 
developing the new techniques which have already 
contributed much towards the understanding of the 
nature of somatic cell variation. P. C. KOLLER 


OF SCIENTIFIC SOCIETIES 


abstract thoughts should. enable us to become 
humane animals, wherein is our only hope of survival. 

The presidential address to the Archeological 
Section was given by Dr. M. Aylwin Cotton, who 
spoke on “Silchester Archeology”. She said that 
during the past ten years remarkable progress had 
been made in the scientific techniques of archxological 
investigation. In briefly outlining the history of the 
exploration at Calleva Atrebatum which commenced 
in the sixteenth century, she mentioned the work of 
the Rev. J. G. Joyce (1864-78) and that of the 
Society of Antiquaries (1890-1909). Modern work, 
under her direction for the Ministry of Works and 
that of Mr. A. C. Boon for the Silchester Excavation 
Committee, had provided valuable chronological 
information. Recent methods for dating purposes 
included: tree ring counts, pollen analysis, fluorine 
and nitrogen tests and radiocarbon tests on organic 
material, The examination of crops on the ground was 
the earliest scientific technique (1744-45), it being 
recorded that observations on the colour and size of 
crops before harvesting revealed streets, the crops 
over them being stumpy through the lack of moisture. 
To-day, air photography, where suitable crops prevail, 
is most valuable in revealing buried features; this 
method, combined with the ground survey of the 
Ordnance Survey, provided the best working basis 
for the archeologist, especially in exploring the pre- 
Roman earthworks. 

Measurement of electro-radioactivity was the 
latest method to be employed, the points of equal 
resistance being plotted on graphs to give contours. 
Dr. Cotton then mentioned the tests upon soil, soil 
formation, podsols and soil analysis for determining 
levels and the use of pottery and coins for dating, 
also the examination of plants and seeds which had 
revealed the existence of plants unrecorded since 
medieval times. Modern methods of preservation 
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involving the use of plastics were discussed and the 
advantages of the use of colour photography. 

Dr. F. B. Hora gave the presidential address to 
the Botanical Section, his subject being ‘“Toad- 
stools’. He dealt with two aspects of his subject : 
descriptive, dealing with classification, morphology, 
anatomy and ecology; experimental with cyto- 
genetics, pure physiology and nutrition. He wel- 
comed the opportunity of giving an address which 
gave a far wider scope than his usual lecturing, which 
confines him to factual information. Mentioning that 
there were still those who considered there should 
be three kingdoms of living things—vegetable, fungi 
and animal—he spoke of the revolution in classi- 
fication during the past thirty years, largely brought 
about by the microscopic examination of spores and 
also by the ecological approach—the relation of living 
things to one another and to their environment. 
Many people regarded all toadstools as poisonous, 
but of the total number in Great Britain—approx- 
imately 1,600—only three were deadly, eight were 
serious, while a further thirty should be avoided. 
Thirty were well worth trying, and half a dozen, in 
addition to the mushroom, were really good to eat. 
Dealing with the experimental side of his subject, he 
spoke of the counts of selected species on con- 
tinuously limed plots in woodland, of the restriction 
of some species to burnt areas and of observations on 
selected acid and alkaline natural soils. Dr. Hora 
concluded by stressing the importance of work by 
amateurs conducting simple experiments and the 
collation of their results. 

Prof. H. L. Hawkins addressed the Geological 
Section upon ‘““The Geology of Reading with reference 
to the Kingsclere Excursion”. He commenced by 
outlining the movement of the Earth’s crust during 
the Carboniferous period. There was a northward 
surge; rock waves moved several miles until they 
reached masses which would not move and upon 
which they smashed like waves on a beach. Dry land 
and desert dunes persisted after the uplift until the 
sea encroached from the south and east and drowned 
the ground; during this period the Jurassic rocks 
were formed. The Cretaceous sea next invaded 
the land; during the long Chalk time there was 
nothing but sea in the area, and a thickness of 1,300 ft. 
of microscopic life was deposited. The water drained 
off, leaving a level surface ; but, by gravity, the weight 
soon crushed the softer deposits, causing different 
levels on the surface. The sea again encroached from 
the south and east and the Eocene Beds were 
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deposited, although for part of that time in the 
Reading district the water was either fresh or brackish. 
Prof. Hawkins traced the later geological history to 
the point of the formation of a valley of elevation on 
the top of the syncline at Kingsclere. When the sea 
receded from the region of the British Isles, denuda- 
tion, including glaciation and solifluxion, formed the 
Kingsclere valley with an Upper Greensand mound 
at the centre, indicating the position of the rock 
masses which caused the original Carboniferous bulge. 

Dr. C. C. Balch chose as the subject for his presi- 
dential address to the Zoological Section “The Birds 
of Reading”. He said that to enjoy bird-watching it 
was necessary to know something of birds, their 
rarity and their behaviour. The present tendency is, 
perhaps, to concentrate on sewage farms and gravel 
pits, this distracting from the importance of general 
observation in the area. Within a five-mile radius 
of Reading there were 210 species recorded, and 
detailed observation of their occurrence and habitats 
were essential to a balanced survey. The gravel pits 
provided very good records of oceanic types: all 
three divers were present ; eighteen species of duck, 
twenty-two waders, and beth arctic and common 
tern were present in numbers. Among the numerous 
rare species mentioned by Dr. Balch was the recording 
of wrynecks breeding in two districts within the circle. 

The full programme of Congress excursions was 
successfully carried out. The archeologists visited 
the Roman city, Calleva Atrebatum, at Silchester, 
the ancient parish church and the priory at Pamber. 
The botanists went to Silchester Common and 
Pamber Forest ; the zoologists to Aldermaston gravel 
pits for observation of ducks, waders and early 
summer migrants. The geologists made a complete 
traverse of the western part of the London Basin to 
Kingsclere and, on the return journey, studied the 
features of the dissected gravel plateau that formerly 
covered the entire district. General excursions were 
conducted to the abbey ruins and gateway and to 
Messrs. Sutton and Sons’ seed trial grounds, where 
special attention was given to the Grass Advisory 
and Vegetable Plant Breeding Stations. 

Mrs. W. Fishlock, the local honorary secretary, 
was responsible for the excellent arrangements, and 
the help of the University authorities in providing 
lecture theatres and accommodation was greatly 
appreciated. 

The sixty-fourth Annual Congress will be held next 
year during Whitsuntide at Salisbury in conjunction 
with the South-Western Union. F. J. Epps 


THE CARNEGIE UNITED KINGDOM TRUST 
REPORT FOR 1957 


HE forty-fourth annual report of the Carnegie 

United Kingdom Trust* covers the year 1957, 
the second of the present quinquennium, and records 
no change either in the policy of the Trust or in that 
of the Government in response to pressure for State 
aid for the non-national museums. An encouraging 
response to the offer of grant-aid to pre-war halls in 
small vil:iages for the improvement of furniture and 


* Carnegie United Kingdom Trust. Forty-Fourth ponsetPupet. 
ioe, Pp. ix+59. (Dunfermilne: Carnegie United Kingdom t, 


equipment is reported. The Trust has undertaken to 
support the development of advice services in rural 
areas and has begun to take an active interest in the 
social problems of new towns and housing estates. 
Its main new policy in the field of education is one 
providing financial assistance to amateur scientists 
participating in group activities, and bursaries enab- 
ling them to attend field-study centres were awarded 
to forty-five students who were members of twenty- 
seven societies. Besides £1,750 for such bursaries, 


these grants, totalling £1,000, are offered for amateur 
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field work in archeology through the Council for 
British Archeology, and £2,000 has been earmarked 
for the preparation of a directory of local scientific 
societies, for which the British Association has 
accepted responsibility (see Nature, 181, 741; 1958). 
Other grants in the field of education include £4,000 
over five years to the Scottish Women’s Rural 
Institutes towards a programme of one-day and 
three-day schools and courses in various centres, at 
first on such subjects as public speaking, procedure 
at meetings, duties of office-bearers, etc. A similar 
grant over four years has been made to the York 
Academic Trust to establish in the Institute of 
Architectural Study, York, a national reference centre 
on the protection and repair of historic buildings, 
which will contain bibliographies, technical drawings, 
photographs, leaflets, exhibits and models on every 
aspect of the subject and will be equipped to deal 
with research, correspondence and personal inquiries. 
A major experiment which terminates in 1958 is the 
one-year course in applied social studies at the 
London School of Economics, but the course has so 
well justified itself that it has already been decided 
to give training in generic case-work a regular place 
in the School’s curriculum of professional training for 
social workers. Generic case-work courses have also 
been started in the Universities of Southampton and 
Birmingham. 

Provision in aid of museums absorbed £11,804 of 
the quinquennial allocation of £50,000, and although 
only £328 of this was for fees in respect of expert 
reports on twenty-seven museums, the benefits 
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conferred appear far to outweigh the cost involved. 
Grants totalling £8,560 were offered in 1957 to 
seventeen museums to enable them to execute plans 
for re-organizing their collections and for improving 
the display of their material, and a grant of £1,500 
was made to Trinity College, Dublin, to defray the 
cost of reorganizing the display of the “Book of 
Kells” as a centrepiece in the Long Room of the 
Library, with other exhibits suitably disposed. For 
pre-war village halls serving rural communities of not 
more than 1,000 people, the Trust has set aside 
£100,000 for re-equipment, and expenditure in 1957 
amounted to £3,233. Nine applications for film pro- 
jectors for crofting communities served by the High- 
lands and Islands Film Guild were approved duriag 
the year, and £5,000 to be disbursed over five years 
has been allotted in support of an effort by the 
National Council of Social] Service and by rural 
community councils to strengthen the citizens’ 
advice bureaux already run by the councils, to estab- 
lish bureaux in small country towns and link these 
with the countryside, and to encourage experiments. 
A sum of £5,500 over two years has been allotted 
for training six people each year for full-time 
community centre wardenship. Financial interest 
in family service units in 1957 was _ limited 
to training social workers in such techniques, and 
to research in which good progress was made 
with inquiries into problems of families with 
handicapped children. £3,000 was granted to the 
Scottish Epilepsy Association for its workshop 
scheme. 


THE SMITHSONIAN INSTITUTION 
REPORT FOR 1956-57 


HE report of the Secretary of the Smithsonian 

Institution for the year ended June 30, 1957*, 
to which are appended the financial report of the 
Executive Committee of the Board of Regents, 
and reports on the library and on publications and on 
branches of the Institution, makes special reference 
to the functions of the Institution as a museum. 
The United States National Museum, the National 
Collection of Fine Arts, the Freer Gallery of Art, the 
National Air Museum, the National Zoological Park 
and the National Gallery of Art all contain public 
exhibits, and as a group these Smithsonian units 
care for the great national collections of the United 
States, constituting one of the largest and most 
distinguished groups of cultural and scientific col- 
lections in the world. 

Much progress was made during the year in the 
work of the United States National Museum, and 
when the new Museum of History and Technology 
now being planned is completed it will be one of the 
world’s finest museum buildings. Plans for new 
wings for the overcrowded Natural History Building 
were also included in the 1958 appropriation, and 
the modernization of the public displays of the 
Institution continued during the year. Some progress 
is reported in the collections and facilities of the 
National Zoological Park, which is still inadequately 
housed. The calendar year 1956 marked a peak in 

* Smithsonian Institution. Report of the Secretary and Financial 
Report of the Executive Committee of the if nts for the 


° 
year ended June 30, 1957. Pp. x+204+9 plates. (Smithsonian 
a * 4308.) (Washington, D.C.: Government Printing Office, 


the activities of the Biosciences Information Ex- 
change, which, operating within the Smithsonian, 
acts as a clearing house for current research in the 
biosciences and now covers 14,000 active research 
projects. 

Accessions to the National Museum during the 
year totalled 647,750 specimens, and field-work was 
conducted in Bermuda, Brazil, Canada, Ecuador, 
Europe, Mexico, Panama, Peru, the Philippines and 
Society Islands, and many parts of the United States. 
These included field studies of the flora of southern 
Brazil, researches on the distribution and variation 
of the bird-life of the Isthmus of Panama, marine 
studies at the Bermuda Biological Station, and inquir- 
ies by Dr. D. J. Price for suitable nineteenth-century 
chemical and physical laboratory apparatus to illus- 
trate the history and principles of these sciences in 
the displays now being planned for the new exhibit 
halls as well as regarding early scientific instruments. 

The Bureau of American Ethnology’s systematic 
researches during the year included archeological 
reconnaissance in Ecuador, studies of museum col- 
lections in Europe of Mesolithic materials for their 
possible bearing on the Eskimo problem, and studies 
of the Florida Seminole and among the Seneca. The 
River Basins Survey continued its programme for 
salvage archeology and by the end of the year 350 
sites in forty-seven reservoir basins in eighteen States 
had been excavated, and the Missouri Basin Project 
alone had catalogued 749,244 specimens from 1,725 
numbered sites and fifty collections not assigned site 
numbers. The manuscript collections of the Bureau 
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continued to be used by archzologists and others, 
and utilization of the Bureau's photographic collec- 
tions increased. 

The Astrophysical Observatory continued its 
researches in solar astrophysics as well as its meteorite 
studies, greater emphasis being given to the broader 
scientific investigation of phenomena in the solar 
system, and stress is laid on the Observatory’s ‘Moon- 
watch’ programme—the optical tracking of the Earth 
satellites launched as part of the International 
Geophysical Year. Careful statistical studies were 
made of the variation of solar radiation intensity ; 
theoretical studies were made of the propagation of 
non-adiabatic acoustic waves in the solar atmosphere, 
and the theory of non-steady phenomena in the solar 
atmosphere and corona was investigated. The study 
of the ablation of meteorites was concerned with the 
distinct shapes and surface features of meteorites and 
the examination of the internal structure from a 
metallurgical point of view. 

The Division of Radiation and Organisms con- 
tinued its work on the role of light in regulating 
growth in plants, including photomorphogenesis, 
phototropism, chloroplast development, photo- 
periodic chlorosis, and the modification of X-ray 
damage by visible radiant energy. 

During the year, 1,050 specimens were added to 
the National Air Museum, and increasing requests 
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are being received for information on aeronautical 
history and progress. Accessions to the National 
Zoological Park, which covers 176 acres, numbered 
1,851, but 2,965 were removed by death, exchange or 
return to depositors, and the net count at the close 
of the year was 3,157. Visitors are estimated at 
almost four million. Although veterinary work was 
curtailed, a co-operative study was undertaken on 
aspergillosis in birds to determine the best method of 
artificial infection and the mode of natural trans- 
mission, to develop a sensitivity test or other method 
for early diagnosis, and to discover the most efficacious 
method of treatment. 

Visitors to Barro Colorado Island totalled 750, 
including sixty-one scientists using the station’s 
facilities of special researches, particularly in observa- 
tion of wild fowl, forest ecology, photography and 
studies of insects. The International Exchange 
Service handled 1,205,039 packages of Government, 
scientific and literary publications, an increase of 
43,184 on the previous year. The Smithsonian 
Library received 54,316 publications during the year ; 
1,110 volumes were issued on inter-library loans to 
116 Government and other libraries throughout the 
country, and 13,000 reference questions were 
answered. Eighty new Smithsonian publications were 
issued during the year and 405,266 copies of publica- 
tions and miscellaneous items were distributed. 
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THE NATIONAL SCIENCE FOUNDATION 


HE seventh annual report of the National Science 
Foundation for the year ended June 30, 1957*, 
includes a foreword from the chairman of the National 
Science Board, Dr. D. W. Bronk, and the Director’s 
statement, to which are appended the financial 
report, particulars of membership of the Board, its 
staff, committees and advisory panels, lists of pub- 
lications and of research grants and fellowship 
awards. The programme activities of the Foundation, 
on which expenditure was 664,561 dollars, included 
@ continued survey of the United States effort in 
research and development, most of the initial series of 
studies for which were completed during the year. A 
further survey of the industry sector for 1955 and 
1956 is now being conducted. The report also sum- 
marizes the findings of a survey of Federal financial 
support of research facilities and equipment, which 
recommended that while Federal support for opera- 
tion and management is sometimes unavoidable, 
ideally it should be confined to establishment and 
construction costs and conditional on participation by 
recipient institutions and other bodies concerned and 
on the availability of competent scientific man-power. 
An advisory panel on the status of high-energy 
nuclear research in the United States recommended 
that the U.S. Government should continue its active 
support of high-energy physics, including the design, 
construction and operation of, and experiment with, 
high-energy accelerators ; in particular, extension of 
the support given by the Department of Defence and 
the National Science Foundation was recommended. 
Expenditure on high-energy accelerators is estimated 
to reach 60-90 million dollars a year by 1962 and 


* National Science Foundation, Penge. Seventh Annual 
et for the Fiscal Year ended June 30, 1957. Pp. xix+279. 
ashington, D.C.: Government Printing Office, 1957.) 1 dollar. 


this level is believed to be essential. The need for 
accelerators of varied types should be recognized, the 
most important parameters being energy, intensity and 
kind of particle, and it is usually preferable to extend 
the range of these parameters rather than to increase 
the number of functionally similar accelerators. 
Research and development on new types of acceler- 
ators should be adequately supported, and especially 
efforts should be made to increase the energy limit. 
Proposals for the location of new accelerators should 
be reviewed on their merits, having regard to the 
research contemplated, the stimulus to science and 
the opportunities for training. An Advisory Com- 
mittee on Minerals Research through various sub- 
committees concluded that much new co-ordinated 
research was required in geology, geochemistry and 
geophysics to pursue mineral exploitation scientific- 
ally. To determine the scale, distribution and 
character of this research, all existing data on mining 
districts should first be re-examined and synthesized 
to avoid duplication of effort or omission of funda- 
mental studies. This programme requires the con- 
tinuing participation of all existing agencies; the 
establishment of a Minerals Research Institute 
was also recommended, to conduct, co-ordinate and 
assimilate fundamental research in fields of science 
related to the formation of mineral deposits and 
disseminate the results of such research activities. 
This Institute should be supported and maintained 
largely by the mining companies. During the year 
the Foundation completed the transfer to the Office 
of Technical Services of the Department of Commerce 
of all research and development reports on synthetic 
rubber. The Foundation reported favourably on 4 
proposal to establish a geophysical institute as part 
of the University of Hawaii, but Federal funds should 
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be conditional on adequate research potential in the 
supporting science departments and on adequate 
local support. 

Grants for biological and medical research num- 
bered 527 and totalled 7,620,925 dollars. Among the 
significant research developments noted in the report 
are the breaking of summer dormancy in tomatoes 
by spraying with gibberellic acid ; the discovery that 
the unicellular organism, the dinoflagellate Gonyaulax 
polyedra responsible for oceanic luminescence, emits 
light rhythmically—as much as sixty times brighter at 
night than by day ; the discovery that N-1-naphthyl- 
phthalam.c acid prevents the differential growth of 
plants under gravity ; and of a new metabolic path- 
way in mammals by the study of congenital pentos- 
uria. Investigations into the physiology of insect 
feeding, the structure of proteins, the changes in 
electrical activity accompanying the learning process, 
the environmental factors involved in determining 
the success of insect reproduction, the mechanism 
underlying the induction of mutations, the relation 
between age of father and sex of offspring, the factors 
involved in embryonic limb development and the 
sequential development of embryonic tissue develop- 
ment have also yielded significant results; grants 
for facilities totalled 885,000 dollars. Grants for 
research in mathematical, physical and engineering 
sciences numbered 997 and totalled 7,908,000 dollars, 
with a further 4 million dollars for construction of a 
radio-astronomical observatory at Greenbank, West 
Virginia, 500,000 dollars to the Massachusetts 
Institute of Technology towards a 2 million watt 
nuclear reactor and 545,000 dollars to the University 
of Michigan for studies leading to the establishment 
of an optical astronomical observatory. Results from 
Foundation grants noted in the report include a new 
scanning spectrograph, the determination of the 
structure of the antibiotic, magnamycin, a portable 
instrument for directly measuring the water content 
of clouds, and a new cosmic ray telescope. 

In support of travel to international scientific 
meetings, 205 grants totalling 118,286 dollars were 
made, and support was given to 25 scientific con- 
ferences, including the fifteenth and sixteenth 
Growth Symposia, the sixth International Congress 
of Hematology, an International Conference on 
Theoretical Physics at the University of Washington, 
the Midwest Conference on Theoretical Physics, the 
seventh Annual Conference on High-Energy Nuclear 
Physics, the third International Conference on 
Irrigation and Drainage, the third Symposium on 
Cosmical Gas Dynamics, the International Conference 
on Audiology, the twenty-second Cold Spring Harbor 
Symposium on Quantitative Biology, and others on 
binary stars, radiocarbon dating, the size and shape 
of the Earth, gravitational theory, asphyxia neona- 
torum brain damage and impairment of learning in 
experimental animals, the role of botany in American 
education, cellular and humoral aspects of hyper- 
sensitive states, archeological identification by 
specialists in related disciplines, ageing as a biological 
problem, the scale of the galaxy, nuclear geophysics, 
the structure of electrolyte solutions and problems of 
tektites. 

On graduate fellowships the Foundation in 1957 
expended 3,353,605 dollars, including fellowship 
awards to 845 applicants, 109 postdoctoral awards, 
55 senior postdoctoral fellowships and 100 science 
faculty fellowships. An evaluation of fellowship 
selection methods indicated a parallel between the 
subsequent careers of unsuccessful applicants and their 


No. 4625 


NATURE 


1711 


ability as judged by the evaluation panels, and that 
lack of financial support was the primary reason why a 
substantial percentage of students of graduate school 
calibre failed to continue their education. A complete 
statistical analysis of the 125,000 scientists on the 
National Register of Scientific and Technical Per- 
sonnel was commenced and under the Clearing House 
Programme pilot surveys of demand for engineers in 
selected industries and of short-term demand for 
scientists and engineers were initiated as well as 
surveys of the training of high-school teachers of 
science and mathematics by the U.S. Office of 
Education and of the assessment of scientific talent 
by the University of Chicago. Attendance at the 96 
summer institutes supported by the Foundation 
exceeded 5,300 teachers; at the 16 academic-year 
institutes 775 teachers will be trained in the 1957-58 
programme and approximately 850 are expected to 
attend the 21 new In-Service Institutes for training in 
supplementary subjects for science and mathematics 
teachers commencing in the autumn of 1957. 
Curricula studies included the development of a 
new curriculum in physics for high schools. The 
Foundation also operated jointly with the American 
Association for the Advancement of Science the 
Travelling Science Library Programme, and with the 
Atomic Energy Commission the Travelling Science 
Demonstration Lecture Programme. Besides various 
teacher-training projects, the Foundation gave in- 
creasing attention to the evaluation of its experi- 
mental activities such as the summer institutes 
programme and the visiting scientists programme. 

The emphasis of the Foreign Science Information 
Programme is at present almost exclusively on 
Russian scientific literature, and grants to the 
American Geophysical Union and the American 
Institute of Biological Studies, while continuing 
support of translations by the American Institute of 
Physics, increased the journal translation programme 
in effect to nine, while grants were also made for trans- 
lating two Russian monographs in biology and one 
in physical chemistry and to Biological Abstracts for 
continuing to translate about 2,400 Russian abstracts 
a year. The Government Research Information 
Progremme includes grants to the Office of Technical 
Services, Department of Commerce, towards a report 
abstracting service ; to the Science Division, Library 
of Congress, for a reference collection of unclassified 
science reports on basic research ; and for a clearing 
house within the Foundation for scientists seeking 
information on Government scientific research, which 
has already handled 695 inquiries. 

Under the Scientific Documentation Programme, 
the Foundation is supporting a study of the feasibility 
of using a formal linguistic method of analysis to 
simplify the sentence structure of scientific tests 
in processing them for mechanized information 
storage; an analysis of words and phrases in 
scientific documents leading to the demonstration 
of a possible system for mechanized information 
searching, which would use a regularized English ; 
and research on machine translation at three institu- 
tions. A conference of editors of biological journals 
supported by the Foundation resulted in the estab- 
lishment of a continuing annual conference to review 
reports of committees examining specific publication 
problems, and the American Institute of Physics was 
assisted in the preparation of a manual for authors 
of papers to be published in physics journals. Emer- 
gency support was afforded to several scientific 
periodicals. 
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GOVERNMENT-SPONSORED RESEARCH IN THE 
UNITED STATES 


HE National Science Foundation’s report* on 

Government-University Relationships in Feder- 
ally Sponsored Scientific Research and Development 
includes a lucid summary of the evolution and present 
character of Federal activities at colleges and uni- 
versities of the United States. It directs atten- 
tion to three major trends since 1940, in which 
period Federal expenditure of some 15 million dollars 
@ year on scientific research and development at 
colleges and universities has increased to 440 million 
dollars in the year ending June 30, 1958, probably 
two-thirds of the total. In this period Federal 
support has extended from the agricultural sciences 
to every field of natural science. Secondly, the period 
has seen the innovation and expansion of federally 
owned. and financed research centres; and thirdly, 
in contrast to the relative absence of Federal ‘extra- 
mural’ financial support of research facilities, a sig- 
nificant part of Federal support (265 million dollars 
in 1957-58) goes for construction or operation of 
major research facilities. It is anticipated that the 
research and development activities of the Federal 
Government will continue to expand and that Federal 
support of basic research at colleges and universities 
will continue to increase. Reviewing the effect of 
Federal sponsorship, the Foundation concludes that 
while in the present situation research is necessarily 
given some direction by Federal agencies, this direc- 
tion has not in general been irksome or detrimental, 
nor does the Foundation believe that the concen- 
tration of Federal funds in the natural sciences has 
deprived the social sciences and humanities of funds 
from other sources. 

The major interest of the report lies in the prin- 
ciples and practices recommended for future Federal 
sponsorship. Generally, it is recommended that 
problems of Government—university relations in the 


* National Science Bountation, Washington. Government-Univer- 
sity Relationships in Federally "Sponsored Scientific Research and 
Development. Pp. ix+44. (Washington, D.C.: Government Printing 
Office, 1958.) 40 cents 


Federal support of research at colleges and univer- 
sities should be explicitly and completely dissociated 
from the budgetary needs and crises of the institu- 
tions, and from the general issue of Federal aid to 
higher education. It is also recommended that 
Federal funds for the support of such basic research 
at such institutions should continue to come from a 
diversity of Federal sources; the importance of sim- 
plicity of procedure in making contracts and grants, 
of promptness in negotiation and payment and of 
avoiding unilateral action is stressed, and further 
and continuing study of problems involved in such 
contracting is urged. 

Federal agencies, it is recommended, should con- 
sider other alternatives before establishing large-scale 
applied and development projects within universities, 
except in certain fields such as engineering, agri- 
culture and medicine, where applied research is 
frequently closely related to educational objectives. 
Government-sponsored classified research on college 
campuses should be reduced to a minimum, and 
Federal agencies should not agree to reimburse 
institutions for salaries of faculty members engaged 
in Government-sponsored research at rates in excess 
of the university-rate, though this should not apply 
to faculty members granted leave of absence to serve 
at research centres. Federal agencies should have 
legal authority to entitle institutions to research 
equipment procured with grant or contract funds 
unless a clear and definite need exists for Government 
control or use of the equipment. It is also recom- 
mended that Federal agencies should recognize as 
appropriate expenditure under research contracts or 
grants reasonable expenditure on travel to, and 
participation in, scientific meetings, and that such 
agencies should be authorized to make contracts or 
grants for more than one year at their discretion ; 
they should also establish reserves and plan renewal 
of grants or contracts in advance, to ensure the con- 
tinuity of support essential for the effective conduct 
of basic research. 


SANDWICH COURSES 


HE Association of Teachers in Technical Institu- 

tions, in a memorandum on sandwich courses*, 
which sets out its views on the best way to expand 
this form of education, objects to the distinction 
between area colleges and regional colleges in the 
policy of the Ministry of Education. It regards the 
virtual restriction of the establishment of new sand- 
wich courses to colleges of advanced technology 
and regional colleges as too severe and, considering 
that works-based courses leave a large field un- 
covered, recommends wider provision for college- 
based students in Britain. 

Informal as well as formal co-operation between 
employers and college staffs are most important, and 
at the works the trainee should be under the charge 
of a training officer or senior executive and also in 


* Sandwich Courses. Pp. 18. (London: Association of Teachers in 
‘Technical Institutions, 1958.) 


touch with a responsible member of the college staff. 
The importance of some flexibility in entrance 
requirements is also stressed, together with the need 
for active contact with secondary-school headmasters 
and teachers if students are to be secured. In regard 
to finance, the Association believes that during his 
periods of study, unless the firm is prepared to pay 
him adequate wages, the student should be main- 
tained on the same basis as a full-time student, and 
it urges that parental income should be ignored in 
assessing grants. 

The memorendum, in stressing the importance of 
staff of high quality, comments on the conditions of 
work, which are a continuing source of trouble. The 
Association urges that if ‘end-on’ sandwich courses 
in the same subject running consecutively in one year 
are essential to industry, they should be run in 
separate colleges. The Association also believes that 
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the sandwich-course method should be applied to 
commerce and management studies, and would like 
to see more pioneering experiments in a variety of 
fields made to guide development in years to come. 

On April 29 the Minister of Education and the 
President of the Federation of British Industries 
launched a new effort to win greater financial support 
from local authorities for students taking advanced 
sandwich courses, of which there are some 200, with 
between 5,000 and 6,000 students. The target is 
15,000-20,000 students, or as Mr. Geoffrey Lloyd 
said at a Press conference, half the technologists 
needed for British industry. 
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The Federation is recommending its member firms 
to pay the fees of employees who go to college and 
their salaries while they are there, and the Minister 
has issued a memorandum to local authorities, 
referring to firms which do not accept the Federa- 
tion’s advice, advising that sympathetic consideration 
should be given to applications for grants in such 
cases. It suggests that the award should cover the 
tuition fee in full, except where the income scale 
requires a parental contribution, and that earnings 
while the student is working should be ignored unless 
exceptional, as should an initial expenses allowance 
from the employer up to maximum of £100. 


THE IMPERIAL INSTITUTE 


HE provisions of the Commonwealth Institute 

Act of March 13, 1958, were explained by the 
Parliamentary Secretary to the Ministry of Education, 
Sir Edward Boyle, in moving the second reading of 
the Bill in the House of Commons in February. The 
Trustees of the Imperial Institute receive the neces- 
sary powers to erect a new building on a new site 
and thus to effect the move required in consequence 
of the decision to expand the Imperial College of 
Science and Technology on the South Kensington 
site. 

Two minor changes are proposed in the constitution 
of the Institute as set up by the Imperial Institute 
Act, 1925: the Secretaries of State for Common- 
wealth Relations and the Colonies replace the Prime 
Minister, the Lord President of the Council and the 


President of the Board of Trade as trustees ; and in - 


the appointment of the private trustees, the Minister 
of Education, who is responsible, is no longer required 
to consult the Governor of the Bank of England and 
the President of the Association of British Chambers 
of Commerce. On the change of title to the Common- 
wealth Institute, Sir Edward Boyle said that the 
change is strongly recommended by the Governors of 
the Institute and has been agreed in principle by all 
those Commonwealth Governments which have 
replied. The responsible Minister is empowered to 
dispose of or lend any object for exhibition in the 
Commonwealth outside the United Kingdom. 

Sir Edward said that the total annual attendance 
in the Exhibition Galleries is now about 500,000, 
including, in 1957, about 1,500 parties, totalling 
42,600 teachers and children, The Institute has a 
panel of eighty lecturers, and in 1957 about 7,000 
lectures were given to audiences of about 700,000, 
while thirty-six conferences for sixth-form pupils, 
teachers and training-college students were organized 
in provincial centres. The Commonwealth Students’ 


Club, founded in 1954, has now about 300 members 
and forms a useful supplement to the activities of 
the British Council, the Colonial Office and the 
Commonweelth Governments in London. 

The Bill was generally welcomed in the House of 
Commons, tribute being freely paid to the work of 
the Institute in spreading knowledge and under- 
standing and promoting sound race relations, keeping 
before the public the great ideals which the Common- 
wealth represents. Nevertheless, the need for more 
generous financial provision was strongly urged. In 
reply, Sir Edward Boyle pointed out that between 
1954-55 and 1957-58 the grants-in-aid increased 
from £8,000 to £36,000. Sir Edward did not refer to 
the question of the Collcutt Tower except to say 
that since the report on the stability of the Tower as 
a free-standing campanile was satisfactory, it had 
been decided to plan the rectangular site in South 
Kensington on the assumption that the Tower would 
be retained. 

Lord Lansdowne, moving the second reading of 
the Bill in the House of Lords on February 27, said 
that for the building of the Institute £413,000 had 
been subscribed from all over the Empire. For the 
new site of 3} acres in Holland Park a capital pay- 
ment of £215,000 had been made and there would be 
an annual rent of £10. The proposed building would 
have 125,000 sq. ft. of floor space. The present 
annual expenditure of the Institute is about £94,000, 
to which Commonwealth Governments contribute 
£12,000, the Exchequer £40,000 and the endowment 
fund £5,000. For the cost of the new building, 
£725,000 was proposed. In replying on the debate, 
he associated himself with what had been said by 
Lords Ogmore, Dundee and Tweedsmuir as to the 
importance of public understanding of the Common- 
wealth in Great Britain and the need for adequate 
and effective publicity. 


BACTERIAL PROTOPLASTS 


REATMENT of Bacillus megaterium in certain 

media with lysozyme converts the rod-shaped 
cells into spherical units which are very sensitive to 
osmotic shock. These structures have been called 
‘protoplasts’ and it has been established that the cell 
wall as identified microscopically, chemically, im- 
munochemically, and by its reaction with bacterio- 
phage, is entirely removed by the action of the 
enzyme**, Similar, osmotically sensitive, spherical 


forms can be prepared from other Gram-positive 
species by various techniques*. There is accumulating 
evidence that the cell wall is absent from such forms, 
although the whole of the cytoplasm is present, 
bounded by an osmotic barrier*4.b and capable of 
most of the activities of the intact cell*. 

It is useful to have the term ‘protoplast’ to describe 
such a structure, and the phrase ‘protoplast mem- 
brane’ to denote the envelope which surrounds it 
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and which is almost certainly identical with the 
cytoplasmic membrane or plasma membrane of the 
intact cell. The existing term ‘cytoplasmic mem- 
brane’ is to be preferred if this identity is event- 
ually proved. 

During the past year, methods have been described 
for preparing ‘protoplasts’ of Gram-negative bacteria 
such as Escherichia coli, and a number of papers 
have appeared dealing with their physiological and 
biochemical properties. In a single issue of Nature 
recently, there appeared an, article on “Protoplasts of 
£. coli as Sources and Acceptors of Deoxypentose 
Nucleic Acid’’* and a letter on the “Growth and 
Properties of Bacterial Protoplasts’”’. Evidence has 
not yet been presented that the cell walls are entirely 
absent from these Gram-negative preparations. 

The cell walls of both Gram-positive and Gram- 
negative bacteria (including LZ. coli) can be isolated 
by similar techniques but those of the latter appear 
to be more complex™.*, They contain lipoprotein 
and lipopolysaccharide as well as mucocomplex, which 
is the only component of many types of Gram- 
positive cell wall. Five methods have been used to 
convert E. coli and other Gram-negative bacteria 
into osmotically sensitive, spherical forms : lysozyme 
treatment*® at pH 9-0 or in conjunction with chelating 
agents’®; bacteriophage action’'; growth in the 
presence of penicillin”; deprival of diaminopimelic 
acid**; growth in media containing 1-5 per cent 
glycine’**. The first four of these methods are 
thought to involve a mucopolysaccharide component 
and there is as yet no evidence that other cell-wall 
constituents are removed or prevented from being 
incorporated. Indeed, the major component (lipo- 
protein comprises 80 per cent of the wall of Z. coli and 
may be the outermost layer'®) may very possibly still 
be present in spherical forms. Nevertheless, these 
structures are being referred to as protoplasts, and 
frequently it is explicitly stated that they were 
“deprived of their cell walls’’* or “lost their cell walls 
in a few hours’’. This may be so, but adequate 
evidence has not yet been reported. 

In an attempt to avoid a situation in which the 
word ‘protoplast’ in one context means that part of a 
bacterial cell which lies within the cell wall, and in 
another context means something different, we suggest 
that it be restricted to the former, that is, it be used 
to describe a structure in which the cell wall is known 
to be absent, or alternatively, for that part of the cell 
which lies within the cell wall and which in some 
species can be plasmolysed away from it (this is also 
the general botanical usage’*—the term was probably 
first used in 1880 by Hanstein’). 

If this definition be accepted, there are certain 
properties which isolated protoplasts will exhibit and 
certain tests which can be applied (not necessarily all 
in all cases) to determine whether or not & particular 
preparation is free from cell-wall material. 

(a) Morphology and Osmotic Sensitivity. The 
internal osmotic pressure of a bacterial cell is normally 
resisted by the cell wall*4.>. If the wall is removed, 
the protoplast will be lysed unless a medium of 
suitable composition is present to balance this 
pressure'*4, In a suitable medium, the resulting form 
is usually a sphere, irrespective of the shape of the 
cell from which it comes*4.¢, Electron microscopy of 
thin sections can indicate the absence of the cell wall”. 

(b) Immunochemistry. Cell walls contain specific 
antigens which are absent from the protoplasts*. 

(c) Chemistry. Substances which occur exclu- 
sively as cell wall constituents will be absent from 
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protoplasts or present only as transient intermediates 
in the soluble fraction of the cytoplasm. In this 
category is diaminopimelic acid*¢.*.*@, and probably 
certain D-amino-acids'* and sugars*!* and amino- 
sugars®. 

(d) Interaction with Bacteriophage. Bacterial viruses 
adsorb by a highly specific reaction between the phage 
tail and receptors sites in the bacterial cell wall. 
These sites are absent from protoplasts?®. 

(e) Behaviour of Isolated Cell Walls. If enzymic 
digestion of isolated walls results in complete dissolu- 
tion‘.*¢, then protoplasts can be expected to result 
from the action of the enzyme on whole cells. If 
digestion of walls releases minor components only, 
leaving a well-organized residual structure, then it is 
unlikely that treatment of whole cells with the enzyme 
will yield true protoplasts. 

It may be significant of a difference in structure 
that whereas protoplasts of Bacillus megaterium have 
never been reported to be able to grow new walls, to 
revert to bacillary form, or to give rise to colonies on 
solid media*, it is often said of H. coli that the 
“spherical protoplasts had reverted to rods’’*. There 
is indeed increasing evidence of the presence of cell- 
wall components in globular forms of EZ. coli*! and 
Proteus vulgaris**, and the relationship of these to 
ut-forms is being actively investigated. Some of 
these matters are discussed at greater length else- 
where**, 

We recognize the need for a general term to 
describe bacterial forms which have impaired cell 
walls, including those in which the wall is absent, but 
we suggest that until it is established that all the cell- 
wall components are likely to be absent from a 
spherical or globular form, the unqualified term 
‘protoplast’ should be avoided. 
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USE OF LABELLED IONS IN THE STUDY OF BLASTOCYST-UTERINE 
RELATIONSHIPS IN THE RABBIT 


By J. P. BENNETT, Dr. J. C. BOURSNELL and Dr. C. LUTWAK-MANN 


Agricultural Research Council Unit of goo greene Physiology and Biochemistry, 
University of Cambridge 


ARLIER work on the biochemistry of the rabbit 
blastocyst has yielded some information on the 
chemical composition of the young embryos in 
relation to their environment?-*. These investigations 
have now been extended to include a study of the 
entry, following maternal parenteral administration, 
of radioactive ions into the blastocyst at stages of 
development before, during and after uterine attach- 
ment. At the same time we studied the uptake of 
the labelled ions by tissues with which the blastocyst 
is in intimate contact. 

As part of a larger investigation of the distribution 
of several marked ions in the reproductive tract of 
the rabbit during early gestation, the details of which 
will be published elsewhere, it is proposed to report 
and comment here on findings made with phos- 
phorus-32, sodium-24 and sulphur-35; for these 
experiments we have used (1) free-lying blastocysts 
collected at 6 days after mating ; (2) fluid aspirated 
from the yolk sac cavity at 7, 8, 9 and 10 days of 
pregnancy ; (3) 12-day old foetuses ; (4) mesometrial 
placental folds (the ‘coussinets’ of Hollard) and the 
extraplacental endometrial mucosa between the 
conceptuses ; and finally (5) the uterine secretion. 
In addition, values are presented for the endometrium 
and its secretion removed from non-pregnant adult 
rabbits in cestrus. 

The technique for collecting these experimental 
materials was recently described’; 2-0 ml. of the 
solution of radioactive ion (approximately 1-0 me. 
activity) buffered to pH 8-4 with glycine-sodium 
hydroxide was injected intravenously and the 
samples were removed after 45 min. from the nem- 
butalized, thoroughly bled animal. Phosphate and 








sulphate were used in the carrier-free form in isotonic 
saline solution, sodium was injected as isotonic 
sodium chloride, the highest available specific 
activity of this isotope making this necessary. All 
samples were mounted on hardened lens-tissue con- 
tained in lacquered flat aluminium dishes, and the 
radioactivity determinations carried out as described 
previously®. Corrections were made for the self: 
absorption of the 0-167-MeV. 8-particles from 
sulphur-35 in the tissues. In order to express 
uniformly findings made for different ions and for 
different concentrations of ion, the results (averages 
from three or four experimental animals) are given as 
the proportion, x 10-*, of the injected radioactive 
ion found to be present per milligram tissue or fluid 
(wet weight). 

From the results in Fig. 1 (logarithmic scale) it can 
be seen that in the unattached 6-day blastocyst the 
uptake values for the three isotopes examined show 
a remarkable degree of divergence. Whereas sodium- 
24 appears to gain entry freely, only minute amounts 
of phosphorus-32 are found in the blastocyst at this 
stage. In this respect the blastocyst contrasts 
strikingly with its enveloping liquid medium, the 
uterine secretion, the phosphorus-32 content of 
which is nearly a hundred times that of the blasto- 
cyst, the analogous value for sodium-24 being less 
than 10. It may be relevant to recall here that the 
total phosphorus content of the 6-day blastocyst is 
not more than 0-78 m.equiv./litre ; moreover, simple 
molecules such as mono- and disaccharides were 
shown to be unable to penetrate, at any event in 
experiments of limited duration, from the maternal 
bloodstream into the (almost glucose-free) 6-day 
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20r permeability of the rabbit omphalopleure at about 
8 days of gestation was also reported for the passage 
8 Na of maternal serum proteins® and certain azo-dyes?’. 
o”P In contrast to the characteristic fluctuations observed 
» with the blastocyst fluid, the uterine secretion showed 
aye very little change except perhaps with phosphate, 
where @ moderate rise was evident at the 7-8 day 
stage. Concerning the secretion of the endometrium 
in the cestrous phase, it is noteworthy that its uptake 
p values are appreciably higher than those found in 
*P the secretion produced when the uterus is under the 
control of the corpus luteum hormone; it would 
certainly be worth while to follow daily the move- 
ment of labelled ions in the endometrium and its 
secretion from the time of mating up to the sixth 
day of pregnancy. 

Fig. 2 illustrates the distribution of labelled ions in 
the endometrium, both from non-pregnant animals 
and from rabbits in the progestational phase of 
pregnancy. In addition, Fig. 2 provides a comparison 
between the uptake in the mesometrial placental 
folds and the endometrium dissected from the seg- 
ments separating the conceptuses. In the endo- 
metrium, as in the uterine secretion, the values in 
the ovarian follicular phase exceed those of the 
luteal phase. Throughout the experimental period 
the pregnant endometrial mucosa shows higher values 
of sulphur-35 than the secretion (see Fig. 1). In the 
cestrous secretion, values for sulphur-35 and sodium- 
24, but not those for phosphorus-32, are slightly but 
distinctly above the level recorded in the endo- 
metrium. The lowest values in the progestational 
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blastocyst?. On the other hand, 
the relatively high value for sodium- 
24 uptake coincides with the not 
inconsiderable concentration of this 
cation in the unembedded blasto- 
cyst (135 m.equiv./litre). Values 
for sulphur-35 in the blastocyst 
occupy a roughly intermediate posi- 
tion between phosphorus-32 and 
sodium-24; as yet no results are 
available on the sulphur content 


- 
on 
T 


of any of the embryonic materials. 7 T ms 

In the highly differentiated 12-day 

foetus, quite unlike the pre-nidation i 
embryo, values for all three ions lie mx 


close together. 
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continuing through days 8 and 9, takes place in the 
placental folds dissected from the gestation sacs of 
animals which received phosphorus-32. This striking 
phenomenon is absent in the case of the rabbits 
treated with sodium-24 or sulphur-35. The values 
registered for the placental folds of animals treated 
with phosphorus-32 not only exceed those of the 
contiguous endometrial mucosa but, in fact, attain a 
level above that recorded for any of the other tissues 
or fluids. It may be added that in this study, which 
comprised well over seventy animals, although 
relatively small individual variations were encoun- 
tered, reproducibility was on the whole very 
satisfactory. 

Isotopes have been used a great deal in studies 
concerned with placental permeability at advanced 
stages of pregnancy. The present investigation deals 
with what is generally regarded as a crucial period 
in early mammalian embryonic development, namely, 
that immediately preceding and following implanta- 
tion of the ovum. It has been possible with the aid 
of labelled ions to demonstrate convincingly the 
rapid and characteristic changes which take place in 
the uptake of radioactive ions both in the growing 
embryo and in tissues with which it is closely linked, 
presumably reflecting modifications and adaptations 
in the metabolic processes at each of the stages 
selected for observation. The above results, coupled 
with information accruing from previously quoted 
investigations on the chemistry of the blastocyst and 
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its permeability to large and small molecules, and 
taken in conjunction with relevant morphological 
studies!!,1*, should materially contribute to our 
understanding of the interdependence between the 
early embryo and the maternal organism. When our 
experiments are widened to include other labelled 
ions of differing valencies, it should ultimately be 
feasible to use the isotope distribution ‘maps’ thus 
acquired to explore, among other problems, the mode 
of action of exogenous agents known to influence the 
progress of the initial stages of pregnancy, such as 
certain hormones, metabolic analogues, teratogenic 
substances, and viruses. 

We thank Prof. J. Dixon Boyd for his help and 
interest in this work, and also Dr. R. C. Campbell, 
who painstakingly undertook statistical analysis of 
some of the results. 


1 Lutwak-Mann, C., J. Embry. Exp. Morph., 2, 1 (1954). 
2 Lutwak-Mann, C., and Laser, H., Nature, 178, 268 (1954). 
’ Lewis, P. R., and Lutwak-Mann, C., Biochim. et Biophys. Acta, 14, 
589 (1954). 
4 Lutwak-Mann, C., J. Endocrinol., 18, 26 (1955). 
5 Jacobson, W., and Lutwak-Mann, C., J. Endocrinol., 14, xix (1956). 
* Kodicek, E., and Lutwak-Mann, C., J. Endocrinol., 15, liii (1957). 
7 Lutwak-Mann, C., Mem. Soc. Endocrin., No. 6 (in the press). 
8 Boursnell, J. C., Coombs, R. R. A., and Rizk, V., Biochem. J., 55, 
745 (1953). 
* Brambell, F. W. R., Hemmings, W. A., and Rowlands, W. T., Proc. 
Roy. Soc., B, 185, 390 (1948). 
19 Ferm, V. H., Anat. Rec., 125, 745 (1956). 
11 Mossmann, W. H., Contr. Embry. Carneg. Inst., 26, 129 (1937). 
2 Parry, H. J., J. Endocrinol., 7, 86 (1950). 


|:2:2:6:6-PENTAMETHYLPIPERIDINE: A NEW 
HYPOTENSIVE DRUG 


By G. E. LEE, W. R. WRAGG, S. J. CORNE, N. D. EDGE and H. W. READING 


Research Laboratories, May and Baker, Ltd., Dagenham, Essex 


RECENT publication! on the ganglion blocking 

activity of 1: 2:2: 6: 6-pentamethylpiperidine 
prompts us to describe our own work on this com- 
pound. By late 1957 we had completed all the 
pharmacological and toxicity tests necessary before 
clinical trial, which was initiated in January 1958. 

The first ganglion-blocking agent used in the treat- 
ment of hypertension in man was _ tetraethyl- 
ammonium*, A really useful level and duration of 
activity was afterwards found in the bisquaternary 
ammonium ion, hexamethonium!®. Innumerable 
analogues of this latter chemical type have since 
been tested in many different laboratories, with the 
view of using them as hypotensive drugs, but it has 
been found difficult to improve upon the clinical 
results‘ obtainable with pentolinium’, a drug intro- 
duced in 1953. 

Quaternary ammonium ganglion-blocking agents 
are, as a class, incompletely and irregularly absorbed 
on oral administration. On account of the clinical 
advantages which were to be expected in a well- 
absorbed drug, compounds possessing this property 
in addition to ganglion-blocking activity have 
been sought. So far, only one such compound, 
the secondary amine, 3-methylamino isocamphane, 
mecamylamine*®, has reached the stage of being used 
in the treatment of hypertension. 





We also have now found that in the simple (and 
readily accessible) tertiary amine, 1:2:2:6: 6- 
pentamethylpiperidine (I), 


CH, CH, 
aS 
CH, |. 0H, 
CH, 

(I) 


for which the common name pempidine has been 
suggested, we have a potent ganglion-blocking drug, 
well absorbed on oral administration and possessing 
potential advantages over mecamylamine, in respect 
of tolerance, duration of action and rapidity of 
excretion, properties which are at present being 
evaluated in clinical trials. A report will appear 
shortly’, but we can say here that after six months 
the clinical results are so far entirely favourable and 
confirm the laboratory indications that a useful 
advance in the management of hypertensive disease 
may well have been made. : 

That two research groups have quite independently 
and contemporaneously followed similar lines is of 
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sufficient interest to merit an account of how penta- 
methylpiperidine arose from our research programme. 

In 1937, Huckel and Nerdel* described the pre- 
paration of an optically active isomer of 3-amino 
isocamphane by treating d-camphene hydrochloride 
in ether solution with silver nitrite and then reducing 
the total product of this reaction with sodium in 
alcohol. These reactions have since been repeated in 
the Merck laboratories* starting from racemic cam- 
phene hydrochloride, and have been shown to yield, 
as expected, a base identical with 3-amino ¢so- 
camphane, the primary amine corresponding to 
mecamylamine. 

Gailliot, Baget and Sarret’® found that when 
lithium aluminium hydride was substituted for 
sodium in alcohol as the reducing agent at the second 
step of the Huckel and Nerdel preparation, and the 
total basic product afterwards methylated, two 
different products could be isolated in about 1 per 
cent yield. Both products were isomeric with 
3-methylamino isocamphane and, unexpectedly, 
optically inactive. Furthermore, both products were 
found (Courvoisier, 8., Julou, L., and Bardone, N. C., 
private communication) to be as effective as mecamy]- 
amine in lowering the blood pressure in dogs. 

We have studied this preparation in considerable 
detail and have concluded that the use of lithium 
aluminium hydride for the reduction of crude 3-nitro 
isocamphane results in the formation not only of a 
primary amine fraction as expected, but also of a 
substantial secondary amine fraction formed as a 
result of the intervention of a novel ring-expansion 
reaction : 


eg ne NH H 
__NO, ai ag ¢ 
| \. CH; 
CH; a | 6 
CH, H; CH, CH, 


(1) (IIT) (IV) 


We found that the secondary amine fraction con- 
sisted of a mixture of two isomeric bases, and on the 
evidence available we have assigned to these isomers 
the structures (III) and (IV). Attempts are now 
being made to resolve this structural problem by the 
degradation of the two separate isomers and by 
unambiguous synthesis of the structure (IIT). 

Evidence that the above ring-enlargement reaction 
is indeed feasible has been provided by model experi- 
ments'! in these laboratories which have shown inter 
alia that 1-nitro-l1-methy]l cyclopentane does in fact, 
on reduction with lithium aluminium hydride, yield 
not only the normal product, 1l-amino-1-methyl 
cyclopentane, but also a substantial proportion of 
2-methylpiperidine. 

Furthermore, we have synthesized a number of 
homologues of the compound (II), all of them con- 
taining a nitro-group attached to a tertiary carbon 
atom, via Diels—Alder condensation of « yclopentadiene 
with the appropriate nitroalkene’*. Each of these 
homologues gave the expected primary amine on 
catalytic reduction in the presence of Raney nickel 
catalyst. On reduction with lithium aluminium 
hydride, however, the product isolated in each case 
was a single (by gas chromatography) secondary 
amine in good yield. Available evidence indicates that 
each of these secondary amines has a structure 
homologous with (ITI), although the possibility that 
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they have a structure homologous with (IV) cannot 
be ruled out. There remains incidentally the anomaly 
that while reduction with lithium aluminium hydride 
of lower homologues of (II) gave single secondary 
amines, similar reduction of (II) itself (when present 
in an unpurified reaction product, see above) gave a 
mixture of two isomeric secondary amines. 

The relationship between ganglion-blocking activity 
and structure among the foregoing bases and the 
tertiary bases prepared from them by N-methylation 
led us to examine the simple fully «-methylated 
unbridged structure, 1:2: 2:6: 6-pentamethy]- 
piperidine. This compound, which, since the work 
began, has been described in the chemical literature", 
formed a crystalline hydrogen tartrate (m.p. 163- 
165°), which was 40 per cent soluble in water at 25°, 
had a pH of 3-46 in 10 per cent solution and remained 
free flowing when exposed to 66 per cent relative 
humidity. 

Pentamethylpiperidine, when injected intraven- 
ously, was found to possess about 1-4 times the 
activity and about eight times the duration of action 
of hexamethonium in causing relaxation of the pre- 
ganglionically stimulated nictitating membrane of 
the anzsthetized cat. Nicotine pressor responses in 
the cat were also inhibited for prolonged periods by 
small intravenous doses. 

That the compound acted at the ganglion was 
shown by the following experiments. Adrenaline- 
and post-ganglionically induced contractions of the 
nictitating membrane were unaffected by doses which 
caused a complete block of pre-ganglionic excitation. 
Pentamethylpiperidine also abolished the effects on 
the heart-rate and blood-pressure of peripheral 
stimulation of the vagus nerve without modifying 
the response to injected acetylcholine. On the 
isolated guinea pig ileum, contractions induced by 
nicotine were abolished for prolonged periods by 
concentrations which were without effect on the 
contractions produced by acetylcholine, pilocarpine 
or histamine. 

There was no evidence that large intravenous doses 
of pentamethylpiperidine caused release of histamine 
in cats under chloralose. On the already depressed 
blood-pressure, large intravenous doses caused a small 
pressor response. Even larger doses were required to 
produce neuromuscular paralysis. The in vitro anti- 
acetylcholinesterase activity of pentamethylpiperidine 
was of a very low order—about 10* times less than 
that of neostigmine, based on molar concentrations. 
On the Langendorff rabbit heart preparation, doses 
of 8-16 mgm. into the aortic cannula caused a 
slowing and decrease in the amplitude of contractions. 
In view of the large doses required to produce these 
effects, it is unlikely that they would be of practical 
significance in the clinical use of pentamethy!l- 
piperidine, particularly when given by mouth. 

The oral and intravenous LD, figures in mice 
were 275 and 39-5 mgm./kg., respectively, giving a 
ratio of 6-9, which indicated that pentamethy)- 
piperidine was well absorbed from the gastro- 
intestinal tract. Small oral doses of 2 and 4 mgm./ 
kgm. in mice caused prolonged mydriasis, which was 
maximal within about ten minutes, and this provided 
further evidence that the compound was weil 
absorbed. 

No adverse effects were observed on the blood 
picture of guinea pigs injected subcutaneously daily 
for four weeks with a dose of 4 mgm. .; @ dose 
of 48 mgm./kgm. was required to cause a 50 per cent 
reduction in the growth-rate of young rats. 
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The method involving salt formation with methyl 
orange originally developed by Brodie and Uden- 
friend'* has been satisfactorily applied to the 
estimation of pentamethylpiperidine in body fluids 
and tissues, where concentrations greater than 
0-5 ygm./ml. are encountered. 

Investigations into the absorption and excretion 
of the compound following administration of a single 
oral dose have been carried out in rats. 

These experiments have shown that the compound 
was rapidly absorbed when given by mouth, plasma 
concentrations reaching a maximum within 30-45 
min. It was also found, both in vivo and in vitro, 
that the compound was readily taken up by erythro- 
cytes and that a higher concentration was main- 
tained within the cells than in the plasma. The 
plasma/erythrocyte concentration ratio remained 
reasonably constant over the 24-hr. period following 
administration. 

The compound was excreted rapidly, and during 
the first seven hours following a single oral dose, 
approximately 90 per cent of the total recoverable 
drug was found in the urine. Insignificant quantities 
(always less than 0-1 per cent of the dose) were 
recovered from the feces up to 72 hr. after dosing, 
giving further evidence of good absorption. With 
doses of 0-25-5-0 mgm. base/kgm., 40-55 per cent of 
the dose appeared in the urine during the first 24 hr., 
and very little additional drug was detected after- 
wards. However, with larger doses (10-20 mgm. 
base/kgm.) about 75 per cent recovery was observed. 
This was taken to indicate that tissue depots were 
being saturated with the compound at higher doses. 
The effects of alteration of the urinary pH on the 
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excretion of the compound were found to be of a 
similar nature to those observed with mecamy]l- 
amine!®. Excretion was more rapid and more com- 
plete in acid than in alkaline or normal urine, but 
the relative differences between the total excretion 
figures, with respect to pH of the urine, were not so 
marked as with mecamylamine. 

We thank Dr. H. J. Barber and Dr. R. Wien for 
the constructive interest they have taken in this 
work. A full description of the chemical work will 
be submitted to the Journal of the Chemical Society, 
and of the pharmacological work to the British 
Journal of Pharmacology. 
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STRESS CONDITION FOR BRITTLE FRACTURE OF MILD STEEL 
By Pror. TAKEO YOKOBORI 


Department of Mechanical Engineering, Tohoku University, Sendai 
AND 
Prot. HIROTO HAMAMOTO and AKIO OTSUKA 
Department of Shipbuilding Engineering, University of Hiroshima 


OR the brittle fracture of a metal such as mild 
steel, a modification of the original Griffith theory 
has recently been proposed by Orowan! based on the 
observations that some plastic deformation always 
accompanies fracture of that kind. According to this 
theory, the criterion for brittle fracture assumes 
the maximum tensile-stress condition. On the other 
hand, Orowan has recently suggested that the criterion 
for brittle fracture may correspond to that for the 
initiation of yielding’, that is to say, to the condition of 
maximum shearing stress. From the point of view of 
dislocation theory, Petch* assumed that the stress 
concentration due to dislocations piled up against the 
grain boundary will cause the brittle fracture of iron 
and explained the observed effect of grain size. If 
this mechanism is valid, the condition of maximum 
shearing stress for brittle fracture should be obeyed. 
Knowledge of the stress condition governing this 
type of brittle fracture would be valuable, therefore, 
for elucidating the mechanism of fracture. Tensile 
tests on specimens of normal shape and torsion tests 
on thin-walled hollow cylinders were therefore carried 


out at liquid-air temperature. With a sufficiently 
thin wall, the maximum tensile stress, ¢max., and the 
maximum shearing stress, tmax., may be considered 
as practically uniform throughout the whole of the 
cylinder wall. In the case of torsion, tmax. = Omax.; 
and in the case of tension, tmax. = $Omax.. Hence, 
if the maximum shear-stress condition be obeyed for 
the brittle fracture, the fracture stress, (o;)max., in 
tensile test should be twice the fracture stress (ts)max. 
in torsion: that is, 


$ (0¢)max. = (Ts)max. (1) 
On the other hand, if the maximum tensile stress 


condition is valid for brittle fracture, the fracture 
stresses in tension and shear should be equal : 


(S:)max. = (Te)max. (2) 


The material used was carbon steel bar (percentage 
composition: carbon, 0-29; silicon, 0-03; man- 
ganese, 0-41; phosphorus, 0-009; sulphur, 0-044) 
50 mm. in diameter and 1,500 mm. in length. It was 
annealed at 880° C. for 1 hr. and had ferrite grain- 
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Table 1a. TENSILE TESTS stress. On the other hand, in our 
| experiment the maximum shear 
Fracture stress, (t;)max., in tension is 82 per 
Specime tress Perce Percentage | Upper yield | Lower yield 4 ae 
ONO. Z (a) max. tensile strain Pedwievnny "Ctreas stress | cent of maximum shear stress, 
(kgm./mm.*) | at fracture area (kgm./mi.*) | (kgm./mm.*) | — (ts)max., in torsion. Therefore, the 
J-1 79-5 6-3 6-1 81-2 71°5 effect of anisotropy on relation (3) 
T-2 89-5 13-2 12-4 776 70°4 is li : 
7-3 85-1 9-9 9-3 77-5 67-4 in tiealy tobe wines. segerd to 
7-4 84-2 79 74 76-0 68-6 slip distribution, even if we assume 
; ey : ———| that all the grains in the specimen 
— oi wr vat oe °° | must slip to initiate brittle fracture, 
the computed values of the ratio 
(ts)max./(6z)max, cannot exceed’ 0-58. 
Table 15. Torsion Txsts If slipping in only a fraction of the grains were a 
ere | necessary condition for brittle fracture, then that 
Specimen | Fracture | Percentage | Upper yield lo ee | ratio would be considerably smaller’. On the other 
No. stress shear strain stress | h 5 ‘ . . 1 
(ts)max- at fracture | (kgm./mm.®) x pe. jam; 2) and, in our experiment (Ts)max./(6¢)max. is equa! to 
| (kgm./mm.*) | 0-6. Hence, we conclude that factor (c) may well 
| gel 488 | 22-7 44-2 | 34-6 be the most important. 
53 4e:1 | 136 a? $4 On this basis relation (3) may be interpreted by 
| det bj 9,08 42.7 | 38-2 applying the pe proposed by one of us for 
: ; } : atigue fracture’, taking into account stress con- 
ine oe 7 | pie Es  B 4 | centrations due both to piling-up of dislocations and 
[aes 


size of ASTM No. 6-3. The hollow specimens for 
torsion test had outer and inner diameters of 24 mm. 
and 21 mm. respectively, and a parallel section 
70 mm. in length. Tension test specimens were solid 
cylinders 4 mm. in diameter, each with a parallel 
section 20 mm. in length. Specimens were tested 
immersed in liquid air, at a temperature, measured 
by a copper-constantan thermocouple, of — 183° C. 
Four specimens were tested under tension and torsion 
respectively. Torsional-fracture stresses were calcu- 
lated for the mid-wall between the outer and inner 
diameters ; tensile-fracture stresses were based on 
the cross-sectional area at fracture. The following 
relation was obtained (Table 1) : 


(Ot)max. > (Ts)max. > 4 (©2)max. (3) 


Thus brittle fracture of steel obeys neither the 
maximum tensile-stress nor maximum shear-stress 
condition. 

A number of factors may enter into such a relation. 
With regard to a possible size effect, two tensile 
specimens of the same material 6 mm. in diameter 
were tested under identical conditions, with the result 
thst almost the same mean value, namely, 82-7 
kgm./mm.* for (62)max., was obtained as for tensile 
specimens 4 mm. in diameter. The main factors 
remaining appear to be the following: (a2) anisotropy, 
that is, the relation of stress direction to the direction 
of rolling of the bar during the process of manu- 
facture ; (6) slip distribution ; and (c) the fact that 
both tensile- and shear-stress components should be 
involved at the same time in brittle fracture. 

With regard to anisotropy, the fatigue strength‘ 
based on tensile stress of bending specimens of 
steel having their axes normal and at 45 deg. 
to the direction of rolling of the parent bar stock is, 
respectively, 87 and 94 per cent of that of bending 
specimens having their axes parallel to the rolling 
direction. In our experiment, however, the maximum 
tensile stress, (¢s)max,., in the torsion test (at 45 deg. 
to the rolling direction) is only 60 per cent of maxi- 
mum tensile stress, (6;)max., in tension test (parallel 
to rolling direction), both based on normal stress. 
The fatigue strength* of torsion specimens having 
their axes parallel to the rolling direction is nearly 
equal to that of torsion specimens having their axes 
at 45 deg. to the rolling direction, both based on shear 





to the obstacles concerned themselves. Another 
reasonable mechanism for brittle fracture based on 
dislocation theory, leading to a formally similar stress 
criterion, is being developed and will be published 
elsewhere. The fact that the plastic deformation 
prior to fracture appears to be greater in the torsion 
test than in the tensile test (see Table 1) will also be 
discussed elsewhere. 








Fig. 1. 


Appearance of torsion fracture 


It is interesting that in the torsion tests the main 
crack forms a spiral in a direction at 49-52° to the 
axis of the specimen (Fig. 1), whereas in the tension 
test the surface fracture conforms macroscopically to 
@ cross-section of the specimen without any tendency 
to necking. These facts, together with relation (3), 
suggest that the criterion of fracture may not 
invariably correspond to the macroscopic geometry 
of the pattern of the fracture, as has usually been 
assumed. 

2 Orowan, E., 
Sons, 1952 

* Felbeck, D. K., and Orowan, E., Weld. Res., Supp., 22, 570 (1955). 

* Petch, N. J., J. Iron and Steel Inst., 178, 25 (1953). 

* Findley, W. N., and Mathur, P. N., Proc. Amer. Soc. Testing Materials, 
55, 924 (1955). 

» ae R, E., I.U.T.A.M. Colloquium on Fatigue, Stockholm, 186 

* Yokobori, T., J. Appl. Mech., 24, 77 (1957). 


oo and Fracture of Metals’, 139 (Wiley and 
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EFFECT OF IONIZING RADIATION ON AQUEOUS SOLUTIONS 
OF GUANYLIC ACID AND GUANOSINE 


By G. HEMS 


Barnato-Joel Laboratories, Middlesex Hospital, London, W.| 


HEN an aqueous solution of guanylic acid 

(4 x 10-° M), irradiated with high-energy 
electrons (approximately 4 x 10° r.), is analysed by 
paper chromatography, using an acid solvent, two 
ultra-violet absorbing products are found. One pro- 
duct, obtained in lower yield, has Ry values identical 
with guanine in three solvent systems. Its ultra- 
violet spectra at pH 7 and 11 are also identical with 
those of guanine. The second product (GA-«) has 
ultra-violet spectra as shown in Fig. 1, and Ry values 
as shown in Table 1. The spectra were similar to 
those for products of the type M-2, obtained by the 
alkylation of guanylic acid under mildly alkaline 
conditions as described by Lawley and Wallick!. Dr. 
P. D. Lawley suggested that both alkylating agents 
and radiation produce fission of the imidazole ring, 
yielding, in the case of radiation, 2 : 4-diamino-5- 
formamido-6-hydroxypyrimidine (I). This compound 
was prepared by Mr. G. M. Timmis and its ultra- 
violet spectra determined by Dr. Lawley. The 
spectra of I (Fig. 1) and its Rr values in three solvent 
systems (Table 1) were found to be identical with 
those for GA-a. 


| NHCHO 
rf 
| 
Dy 
NH, N ‘NH, 


(1) 


If a solution of guanylic acid is buffered at pH 7 
(0-02 M phosphate buffer) during irradiation and 
analysed by paper chromatography, using a neutral 
solvent®, the second product appears at Ry 0-73. 
This product (GA-8) has ultra-violet spectra as shown 
in Fig. 2. GA-8 hydrolyses rapidly in acid. In 0-1 N 
hydrochloric acid, at 37° C., the ratio Do¢omy/De75mp 
increases with a half-life of 4 hr. The hydrolysate 
had a singie optical density maximum at 4 = 265 mu. 
No spectral change was observed for at least 19 hr. 
when guanylic acid was incubated under identical 
conditions of temperature and pH. The orcinol test, 
for sugar, gave a positive colour with GA-f but not 
with GA-«. This suggests that GA-f is GA-a« with a 
sugar moiety, possibly ribose-phosphate, attached. 
This shows that attack on the imidazole ring is the 
primary effect of irradiation. 

Similar results have been obtained on irradiation 
of guanosine in aqueous solution. Analysis by paper 


Table 1 





| Ref. | Rr (GA-1 and I) 


| 

} Solvent system 
f 

Isobutyric acid-ammonia | 





2 0-48 
Ammonium sulpbhete-isopropanol 3 0-43 
| Methanol-hydrochioric acid 4 0-21 
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Fig. 1. Ultra-violet absorption spectra for I and GA-a. Plotted 

points apply to GA-a, and curves apply to I, adjusted to the 

ultra-violet absorption maxima for GA-a. Curves A » B,C 
O, x, A) refer to pH values 0:1, 7 and 12, respectively y. 
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chromatography gives two ultra-violet absorbing 
products. One product has been identified with 
guanine. Using an acid solvent, the second product 
(GS-a) has Ry values identical with those of I in two 
solvent systems**. Its ultra-violet spectra at pH 1 
and 7 are identical with those of I. If a neutral 
solvent is used, the second product (GS-8) has an 
Rr value of 0:70 in ammonium sulphate/isopropanol®. 
GS-8 has ultra-violet spectra at pH 7 and 11-5 
similar to those for GA-8. In acid, GS-8 hydrolyses 
rapidly, the ratio D2gompy/De75myz imereasing with a 
half-life of 8 hr. in 0-8 V hydrochloric acid at room 
temperature. On hydrolysis the ultra-violet absorp- 
tion maximum shifted to 4 = 263 mu. Guanosine 
incubated under the same conditions showed no 
change of spectrum for at least 19 hr. The orcinol 
test gave a colour with GS-8, but not with GS-a. 
This suggests that GS-8 is GS-«x with ribose 
attached. 

The radiation degradation of guanylic acid and 
guanosine is strikingly different from that of the 
corresponding adenine derivatives, where adenine is 
the sole ultra-violet absorbing product*. These 


results suggest that the guanine/adenine ratio of 
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Fig. 2. Ultra-violet absorption spectra for GA-8 rr at 
pH 7 (x --- x) and pH 11-5 (A——A 


nucleic acids may determine to a considerable extent 

the effect of ionizing radiation upon them. 
Observations on the effects of alkylating agents 

have shown the imidazole ring of deoxyguanylic acid 
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to be the most reactive portion of the constituent 
nucleotides of deoxyribonucleic acid*, and that this 
alkylation labilizes the deoxyriboside linkage’. These 
results, therefore, show a close analogy with the 
effects of ionizing radiation in that, in both cases, 
the imidazole ring is attacked with consequent 
labilization of the glycosidic linkage with the purine. 
Since these comparisons could also apply to in 
vivo conditions, they could be held to provide a 
plausible explanation of at least some part of the 
radiomimetic properties of biological alkylating 
agents. 

Radiation effects upon model compounds are being 
investigated in conjunction with Mr. G. M. Timmis 
and Dr. C. Leese. A quantitative comparison of the 
reactivities of purine and pyrimidine nucleotides to 
ionizing radiation will be made. It has already been 
reported that the change, with oxygen tension, of 
the decrease in optical density produced by ionizing 
radiation is positive for adenine, but negative for 

ine®. 

I wish to thank Prof. J. Rotblat, Physics Depart- 
ment, St. Bartholomew’s Hospital, for his kind per. 
mission to use the linear accelerator, also Dr. H. C 
Sutton for his assistance in performing the irradia- 
tions. The interest of Prof. J. E. Roberts is much 
appreciated. 

1 Lawley, P. D., ard Wallick, C. A., Chem. and Indust., 683 (1957). 
* Pabst Laboratories Circular OR-7 (1955), 

* Markham, R., and Smith, J. D., Biochem. J., 49, 401 (1951). 

‘ Kirby, K. 8., Biochim. Biophys. Acta, 18, 575 (1955). 

* Barron, E. 8. G., Rad. Res., 1, 410 (1954). 

* Lawley, P. D., Biochim. Biophys. Acta, 26, 450 (1957). 

7 Lawley, P. D., Proc. Chem, Soc., 290 (1957). 

® Hems, G., and Eidinoff, M. L., Radiation Res. (in the press). 
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DISTENSION OF THE RUMEN AND SALIVARY SECRETION 
By A. T. PHILLIPSON 


Rowett Research Institute, Bucksburn, Aberdeenshire 
AND 


C. S. W. REID 


Plant Chemistry Laboratory, Department of Scientific and Industrial Research, 
Palmerston North, New Zealand 


matter. Previously, Coates, Denton, Goding and 








WO hypotheses regarding the possible part 





played by saliva in the condition known as 
‘bloat’ have been made. Weiss’ suggested that when 
lush green leguminous forages are fed, lack of fibre led 
to lack of salivary secretion and on account of this 
the rumen coptents were viscous so that gas easily 
became trapped as a foam and could not be excreted 
by belching. The gist of Weiss’s hypothesis is that 
a large salivary secretion helps to prevent bloat. 
Johns’, on the other hand, found that cows fed on red 
clover hay were still liable to bloat, and pointed out 
that the low surface tension of bovine saliva found 
by Reid and Huffman* made saliva into a foam- 
promoting agent which could be expected to have the 
opposite effect to that postulated by Weiss. In 
support of Johns’s hypothesis Mangan‘ has found that 
when mixed bovine saliva is aerated a very stable 
foam is formed. 

There .s little information to show whether or not 
the salivary secretions of the ruminant are affected 
by distension of the rumen, and the experiments 
summarized here were undertaken to investigate this 


Wright’ had reported that inflation or deflation of 
the rumen of merino sheep had no effect on the rate 
of secretion of the parotid glands. 

Adult sheep, or calves 5-8 months old, were 
anzsthetized with chloralose (50 mgm./kgm. body- 
weight). The trachea and rumen were cannulated 
and the cervical cesophagus ligated. Parotid saliva 
was collected by cannulating the parotid duct close 
to its papille to avoid damage to the nerve supply 
to the gland; in later experiments with calves both 
parotid ducts and both submaxillary ducts were 
cannulated, while the residual saliva flowing from the 
mouth and nose was collected separately. The 
parotid flow in sheep was recorded by a drop counter 
on a kymograph. Later, in calves, the volumes of 
saliva secreted from each pair of glands were 
measured in two calibrated siphons, the hydrostatic 
pressure changes in which were recorded by pressure 
transducers and a Sanborn recorder (Reid, in prepara- 
tion). The rumen was inflated to known pressures by 
carbon dioxide, nitrogen and occasionally oxygen or air. 
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Fig. 1. The effect of inflating the rumen of a chloralosed calf with carbon dioxide on the 

flow of parotid (P) and ac egr f (S) saliva. Both bay of each ee of glands were 

cannulated and the total flow was collected. Note the high arterial blood pressure 
which is common in anzsthetized dairy calves 
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animal. The remaining animals 
were unresponsive or parotid 
secretion was slightly depressed 
with increasing pressures in the 
rumen. 

Calves. These animals were 
more responsive than sheep, and 
increased salivation occurred in 
four out of five with the same 
general pattern of stimulation 
and subsequent inhibition as 
observed in the one sheep (Fig. 
1). Responses were initiated by 
pressures varying from 5 to 
20 mm. mercury in the rumen 
and the pressure required for 
subsequent inhibition varied 
from 15 to 40 mm. mercury. 

Large variations were found 
in the degree of response from 
the parotid glands as shown 
in Fig. 2. . The responses of 
the submaxillary glands were 
small in comparison except in 
one calf (P) in which a seven- 
fold increase occurred in the 
rate of secretion while only a 






















Sheep. A five-fold increase in secretion of the 
parotid gland occurred in one out of five animals 
when pressures of 20 mm. mercury were induced in 
the rumen. Pressures of 10 mm. mercury were with- 
out effect or slightly depressed salivation, while 
increasing the pressure from 20 to 30 or 40 mm. 
mercury reduced salivation to its resting value again. 
This response was obtained six times in this one 
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Hig. 2. The fation of the parotid glands of four calves (A, M, 
P, G) to — of the rumen. Gases used: ——, carbon 


dioxide; ---, nitrogen; ----- , air 








small response occurred from the 
parotid glands. The residual secretions flowing from 
the mouth and nose were clear and viscous and 
appeared to be greater in volume than those of the 
parotid glands. 

The responses obtained with the submaxillary and 
the residual secretions were slower in onset than 
those from the parotid glands, but this may be due to 
delay in their appearance and collection. Atropine 
given during a pressure resporse in one calf abolished 
the effect. 

These experiments suggest that additional salivary 
flow in response to pressure in the rumen may be 
large enough to be an important factor in precipitating 
a dangerous state in a moderately bloated animal. 
Carbon dioxide released from the salivary bicarbonate, 
particularly from parotid saliva, would further 
increase the intraruminal pressure, while the surface- 
active salivary mucoproteins could increase foaming 
of the ingesta. In the latter connexion, it may be 
significant that the level of mucoprotein in the sub- 
maxillary saliva can reach high levels‘ when excessive 
distension of the rumen causes respiratory inhibition 
coupled with marked and fluctuating increases in 
blood pressure. These effects are probably due to 
the release of adrenalin. In these experiments in 
sheep and calves, section of both cervical vagi allowed 
higher pressures than before to be induced in the 
rumen without this ‘adrenalin-like’ crisis appearing. 

Further work is necessary to locate the areas sensi- 
tive to pressure or distension and responsible for 
stimulation and inhibition of salivary secretion. 
The question whether this response is quantitatively 
large enough in cattle susceptible to bloat to influence 
gas and foam formation in the rumen can only be 
obtained from conscious animals in which experi- 
mental bloat is induced. 

This work was done during the tenure by one of us 
(A. T. P.) of a Nuffield lectureship in New Zealand. 

1 Weiss, K. E., Onderstepoort, J. Vet. Res., 26, 241 (1958). 

* Johns, A. T., N.Z. J. Sci. Tech., A, 36, 289 (1954). 

* Reid, J. T., and Huffman, C. F., J. Dairy Sci., 82, 123 (1949). 
* Mangan, J. L., personal communication (1957). 


* Coates, D. A., Denton, D. A., Goding, J., and Wright, R. D., J. 
Physiol., 181, 13 (1956). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Equatorial Spread-F and Magnetic Activity 


Ir is well known that the ionospheric spread-F 
condition is extremely common at night in equatorial 
regions. At Ibadan, Nigeria (latitude 7}° N.), this 
has been especially so during the past 24 years of 
high sunspot activity. It is believed that the same 
irregularities which produce the wide spread of 
scattered echoes from the F’-region are also responsible 
for the scintillations of radio stars! and perhaps for 
the rapid ‘flutter’ fading* often observed in short- 
wave radio reception in equatorial regions. 

We have previously stated! that there is a tendency 
—especially in the winter months—for the frequency 
of occurrence of equatorial spread-F to be substan- 
tially reduced during periods of magnetic activity. 
This inverse correlation—all the more remarkable 
since it is the precise contrary of what is observed in 
temperate latitudes—has also been more marked in 
the past two years or so and has now been observed in 
all seasons. 

During the current high phase of the sunspot cycle 
the frequency of occurrence of spread-F at Ibadan 
in magnetically quiet periods has been almost 100 per 
cent. Of the 120 international quiet days of 1956 
and 1957 there were only four days when spread-F 
was not present for at least half the night and none 
when it was absent altogether. 

During periods of magnetic disturbance, however, 
the incidence of spread-F is decisively reduced. This 


is illustrated in Fig. 1, where the percentage occurrence - 


of spread-F, 9, is plotted against the month of the 
year, ‘a) for the five international quiet days and 
(b) for the five international disturbed days in each 
month. The graphs show the mean variations for 
the two years 1956-57. 9¢ is defined as the percentage 
of hours between 20h. and 05h. (beginning on the 
evening of the day in question) when spread-F' was 
sufficiently strong to make the critical frequency 
f.F2 either illegible or at least doubtful (symbol UF) 
in the sense defined by international agreement 
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Fig. 2. Comparing the correlation snr the daily magnetic 
activity index Ap and the frequency of occurrence of spread-F at 
equatorial and at temperate stations during September 1957. 
The hatched areas indicate periods when Ap was greater than 30 








(namely, with uncertainty greater than + 2 per cent). 
As Fig. 1 shows, the reduction in the incidence of 
spread-F on magnetically disturbed days, although 
occurring in all seasons, is greatest in (the southern) 
winter and equinox and least in summer. 

To illustrate the contrast between equatorial and 
temperate stations we have plotted in Fig. 2 data 
for a number of stations for the month of September 
1957, which, as is well known, was a record month 
for magnetic activity. The quantities plotted are 
values of the daily magnetic activity index, Ap, and 
of 2, the frequency of occurrence of spread-F defined 
above. With few exceptions the four periods of 
intense magnetic activity are also periods of little or 
no spread-F' at the three equatorial stations, Ibadan, 
Singapore and Binza, while spread-F is almost always 
present at these stations during the intervening 
relatively quiet periods. At the two temperate 
stations, Slough and Lindau, the precise opposite 
oceurs, spread-F appearing during the periods of 
magnetic activity, and not otherwise. 

At the two stations of intermediate latitude, 
Karavia and Johannesburg, the incidence of spread-F 
is much less than at the other five stations, but in 
the first case the correlation is clearly of equatorial 
type (with magnetic activity inhibiting spread-F) 
and in the second case it is clearly of temperate type 
(magnetic activity associated with spread-F). The 
transition from equatorial to temperate spread-F 
would seem, therefore, to occur at some latitude 
between those of Karavia and Johannesburg—say, at 
about 20°S. (geographical latitude) or about 35°5 
(magnetic latitude). 
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It may be noted in passing that the inverse 
correlation between equatorial spread-F and mag- 
netic activity is also observed in years of sunspot 
minimum, though not always with the same consist- 
ency. A fuller discussion of this phenomenon and of 
possible explanations for it will be published else- 
where. 

A. J. Lyon 

N. J. SKINNER 


University College, Ibadan, Nigeria. 


R. W. Wricut 
University College of Ghana. 
April 24. 
‘Wright, R. W., Koster, J. R., and Skinner, N. J., J. Atmos. Terr. 
Phys., 8, 240 (1956). 
* Osborne, B. W., J. Atmos. Terr. Phys., 2, 66 (1952). 


Distribution of Helium-3 in the Carbo 
Meteorite 


To make it possible to measure the distribution of 
helium-3 in the Carbo meteorite, found in Mexico in 
1923, Prof. C. Frondel kindly gave permission for 
the thousand-pound specimen, which is the pro- 
perty of the Harvard Museum, to be cut. The sawing 
was done at the Watertown Arsenal, Watertown, 
Mass. A slice, 0-5 in. thick, having an area of about 
300 in.*, was cut from the centre of the meteorite. 
Fig. 1 shows a drawing of the slice and of the cross- 
section of three pieces that had previously been cut 
from the bottom and now reside in museums, The 
slice was sectioned into bars, 0:25 in. wide. The 
helium-3 content was measured in 1l-gm. samples 
taken from the bars at points indicated by the crosses. 
The bars are shown by fine lines. _The bars adjacent 
to those we sampled were sent to other experi- 
menters. 

Helium-3 and helium-4 had previously been 
measured! in drillings taken from holes A and B 
which are approximately parallel and perpendicular 
to our slice. Our measurements are in good agree- 
ment with the previous results for hole A. 

To measure the helium-3 we used the method of 
neutron activation? whereby the helium-3 is converted 
to tritium, which can easily be extracted and counted. 
The statistical counting error was less than 1 per cent. 
There is a 10 per cent uncertainty in the calibration 
for the absolute value of helium-3; however, the 
relative measurements are more accurate than 5 
per cent. 

The broken lines in Fig. 1 represent isopleths of 
helium-3. At some points several measurements 
were made, and showed fluctuations up to 5 per cent. 
Further work is necessary to determine whether these 
fluctuations are real. The isopleths were drawn as 
smooth curves fitted to the average experimental 
values. These contours indicate that the Carbo 
meteorite was a non-spherical object in space. 

Two large indentations on the side of the meteorite 
that yielded the higher helium-3 content exhibited 
reduced helium-3 values, indicating that these 
indentations were not present in the meteorite before 
it entered the Earth’s atmosphere. The low helium-3 
values found on one side of the specimen indicate 
that it was originally covered by material that was 
broken or ablated from the meteorite in its passage 
through the atmosphere. The lack of argon-39 
in the Carbo meteorite* indicates that it landed 
more than 1,500 years ago; therefore, a slight 
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Fig. 1. The helium-3 distribution in the Carbo meteorite in units 
of 10-* cm.*/gm, The points measured are indicated by crosses 


possibility exists that the surface has been cor- 
roded. The large region of low and nearly con- 
stant helium-3, with values of 3-4 x 10-* to3-7 x 
10-* cm.?/gm., suggests that this area represents the 
centre of the meteoritic body that existed before it 
encountered the atmosphere. 

Variations in depth of tritium can be produced 
experimentally‘ by bombarding long iron targets 
with protons of known energy. The comparison of 
these variations with the variations in the distribu- 
tion of helium-3 in the meteorite suggests certain 
conclusions about the energy of the bombarding 
cosmic rays inspace. The steepest helium-3 gradients 
are 4-9-3-9 in a 4-in. distance from the surface at 
the base, and 4-5-3-5 in a 4-in. distance from the 
surface near the centre of the slice. Protons with 
energy less than 5 BeV. wouid produce a steeper 
gradient*® at the surface. The region of low helium-3 
content is so large that it also requires an average 
energy of the cosmic rays greater than 5 BeV. If the 
energy spectrum of the cosmic rays bombarding the 
Carbo meteorite in space contained the low-energy 
particles that were observed at the Earth in 1954, 
then two inches of material must have covered the 
surface where the helium-3 is high, and a much 
thicker layer must have covered the surface where the 
helium-3 is low. The effects of the low-energy rays 
would be lost with this material. 

I am indebted to Prof. Fred L. Whipple for suggest- 
ing this problem and for several valuable discussions, 
This research was assisted by a grant from the U.S. 
Atomic Energy Commission. 

E. L. FrrEMAN 
Smithsonian Astrophysical Observatory, 
Cambridge, Mass. April 29. 


1 Paneth, F. A., Reasbeck, P., and Mayne, K. I., Nature, 172, 200 
(1953). 


2 Fireman, E. L., and Schwarzer, D., Geochim. et Cosmochim. Acta, 
11, 252 (1957). 

3 Fireman, E. L., Nature, 181, 1613 (1958). 

4 Fireman, E. L., and Zahringer, J., Phys. Rev., 107, 1695 (1957). 
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The Microtron 30 
THE microtron which has been under construction 28 F mahi 


at this College is now operating and accelerates 
electrons to an energy of 29 MeV., which is slightly 
greater than the design figure. The poles of the 
electromagnet are 80 in. in diameter and form 
the top and bottom of the vacuum chamber. The 
machine operates in the fundamental mode with 
a 2 MW. pulsed radio-frequency supply, of frequency 
3,000 Mc./s. The current in the final orbit (57th) is 
about 10-* amp. average and it should be possible 
to increase this considerably by fitting an emitting 
ring into one of the lips of the cavity. Due to the 
very close machining tolerances achieved by Edgar 
Allen and Co., Ltd., it was found that very little 
shimming of the magnet was required. 

The electromagnet has been designed to run at 
higher fields than those used at present (approximately 
1,000 oersteds) and it is hoped to develop a modified 
cavity resonator which can utilize this fact to increase 
the final energy of the beam. 

The proposed experimental programme includes 
the study of bremsstrahlung spectra and the determ- 
ination of the rate of energy loss of electrons in 
various materials. 

A fuller account of this machine is to be published 
elsewhere. 

D. AITKEN 
R. E. JENNINGS 
University College, 
Gower Street, 
London, W.C.1. May 8. 


Influence of the Ambient Medium on 
the Breakdown Voltage of Sheet Insulating 
Materials 

Ir is common ey yerience to find that the values 
of electric strength of sheet insulating materials are 
lower when the measurement ic made with the 
material immersed in oil than when the specimen is 
tested in air. This is usually explained by stating 
that the voltage for inception of discharge is higher 
in the liquid because of the higher electric strength 
of the liquid, so that when discharges do occur in 
this medium they are more intense and hence more 
damaging because of the higher voltage-drop across 
the discharge channel. 

This reasoning was investigated by the measure- 
ment of 50-c./s. breakdown voltage of films of cellulose 
triacetate and polyethylene terephthalate in air 
over a range of pressures from that corresponding 
to rough vacuum up to about 8 atmospheres. The 
electric strength of the air, therefore, was arranged 
to pass through a value equal to that of transformer 
oil. 

It was found, contrary to expectation, that the 
breakdown voltage of the film specimens increased 
as the pressure, and hence the electric strength, of 
the air increased. The nature of the gas medium, 
however, was found to influence the electric strength 
markedly as the curves in Fig. 1 show, the highest 
electric strength being recorded when helium was 
used and the lowest when argon was used. Each 
point in the graph is the mean of three or more 
observations. 

The tests were made at room temperature, a 
sphere/plane electrode system being used. A step-by- 
step method of voltage application was employed to 
give results equivalent to the ‘one minute’ value. 
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Fig. 1. Breakdown voltage of 8-mil cellulose triacetate with 


ambient gas pressure: V,, mean breakdown voltage in trans- 
former oil; P», approximate pressure at which the electric 
strength of air equals that of transformer oil 


It is hoped that an explanation of these results will 
be published when the phenomena have been more 
fully investigated. 

I wish to thank Dr. Willis Jackson, director of 
Research and Education, Metropolitan-Vickers Elec- 
trical Co., Ltd., for permission to publish this 


communication. 
W. P. Baxer 


Research Department, 
Metropolitan-Vickers Electrical Co., Ltd., 
Trafford Park, 

Manchester 17. 

April 25. 


Strength of Glass Fibres 


W. F. Txomas recently pointed out! that ZH glass 
fibres in the size range 0-0002—0-0006 in. had a very 
consistent strength of 540,000 lb./in.*, when tested 
on a l-in. gauge length. This is equivalent to an 
elastic failing strain of about 5 per cent. Other 
workers have found the strength of untouched glass 
fibres drawn in a similar way to be lower and more 
variable, depending on the conditions under which the 
fibres were formed? *. 

From strength tests carried out in these laboratories 
and other evidence (to be published), it is concluded 
that there can be a genuine variation of strength 
which does not conflict with Thomas’s results. Fibres 
of soda glass X8 drawn either from a rod or from a 
melt in a platinum container gave the following 
results. All the fibres were 0-001 in. in diameter and 
drawn at 37 ft./sec. The results given in Table 1 
are stated in terms of percentage elastic failing strain. 

In the tensile tests fifteen fibres were tested 
untouched within about an hour of formation. The 
fibre samples for the bending tests showed no differ- 
ence in strength after several days exposure compared 
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Table 1. PERCENTAGE ELASTIC FAILING STRAIN 
Origin | 8-in. test length | 1-in. test length 0-025-in. test 
of fibre in tension in tension length in bending 
Rod 12 2-4 5-4 
| Melt 2-0 3-1 — 
{ 








with 2 min. exposure. For the bending tests the 
fibre was formed into a loop in a small drop of 
glycerine on a microscope slide. A coverslip pre- 
vented the loop from springing free as it was drawn 
tight. A fibre under 5 per cent strain at the closed 
end of its loop is shown in Fig. 1. The strain is 
estimated from the curvature of the loop and the 
diameter of the fibre, both measured with an eyepiece 
containing a graticule, using a low-power objective. 
The error of optical diameter due to diffraction is 
small for a fibre 0-001 in. in diameter and can be 
checked by mechanical measurement. The error 
due to the helical nature of the loop has been measured 
and is also small. While the accuracy of this test 
method is probably no better than + 2 per cent, it 
was clear that the fibres were consistently strong. 
Several attempts to photograph fibres at 5-4 per cent 
strain failed because the fibre broke within a few 
seconds. 





Fig. 1 


From these tests on different lengths of soda glass 
fibre, it is concluded that flaws can and do occur 
which cause a lower strength with considerable 
scatter when long lengths are tested. When very 
short lengths are tested, the flaws are not frequent 
enough to have an effect, and the results are very 
similar to Thomas’s 1-in. test lengths of H glass. 

The calculated theoretical failing strain for glass 
is given by different estimates to be between 10 and 
100 per cent. Judging from the consistent results 
now obtained at about 5 per cent strain, what other 
weaknesses there may be are either very frequent or 
very consistent. Both of these possibilities could be 
typical of structural defects. 


N. J. Parratrr 


Tube Investments Research Laboratories, 
Hinxton Hall, 
Cambridge. 
April 18. 
? Thomas, W. F., Nature, 181, 1006 (1958). 


* Griffith, A. A., Trans. Roy. Soc., A, 221, 163 (1920). 
* Otto, W. H., J. Amer. Ceram. Soc., 38 (3), 122 (1955). 
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Bombardment of Plastics in a Glow 
Discharge 


THe cathodic sputtering of metals in a glow 
discharge has been studied by many workers, but 
the sputtering of non-metallic substances has re- 
ceived limited attention. I have shown that inorganic 
materials such as metal oxides and glass may be 
sputtered from a glass target exposed to positive ion 
bombardment? and have recently extended my in- 
vestigation to include plastic materials. The bom- 
bardment apparatus consisted of two opposing elec- 
trodes made from aluminium sheet, 4 in. x 3 in., 
spaced 4 in. apart with an aperture 0-5 in. square 
in the centre of both electrodes. The plastic speci- 
mens were mounted behind each aperture and bom- 
barded by electrons or positive ions according to 
the polarity of the electrodes. The current densities 
of the particles bombarding the specimens were not 
known but it was assumed that they were similar 
to those flowing to the metal electrodes, because sur- 
face tracking and internal breakdown did not occur 
with either specimen. Also, a stable discharge was 
obtained with a continuous cathode dark space in 
the region of the electrode aperture. 

The glow discharge was operated at 5 kV. and 
0-13 m.amp./cm.-* in air or argon with the cathode 
dark space extending almost between the two 
electrodes. Care was taken to see that the samples 
were not overheated and thereby thermally damaged 
or evaporated in monomer form. The following 
materials were bombarded : ‘Perspex’, polyethylene, 
polystyrene, epichlorhydrin resin cross-linked with 
melamine, and ‘Fluon’. It was found that the 
specimens bombarded with electrons were always 
damaged, whereas the specimens bombarded with 
ions were sometimes degraded and appeared to have 
material removed from their surfaces. Lacquer films 
of epichlorhydrin resin about 0-00025 in. thick were 
completely sputtered from a glass support by bom- 
bardment with positive ions in air or argon after 
43 hr. 

The results obtained with ‘Perspex’ were typical. 
During the first 5 min. of bombardment of both 


- specimens, which were } in. thick, their reflectivity at 


A = 5300 A. rose from 4 per cent to about 9 per 
cent and their optical absorption increased from zero 
to about 10 per cent. During a further period of 
bombardment lasting 50 min. the absorption of the 
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cathode specimen remained constant, whereas 
the specimen bombarded with electrons became 
dark brown and almost opaque. It was believed 
that the surface of the cathode specimen was 
decomposed under vombardment but that the 
optical absorption remained constant, because 


the decomposition products (principally carbon) 3-15 


were removed by sputtering. To establish this 
hypothesis ‘Perspex’ samples were bombarded 
at the anode and cathode electrodes for 20 min. 
and their transmittances measured. The anode 
specimen was then exposed to ion bombardment 
for 40 min., with the result that the absorption 
was reduced. Values for bombardment in air 
are shown in Fig. 1; similar results have been 
obtained in argon. When the bombardment 
period was increased to 1-2 hr. the cathode 
specimen became deeply etched as material was 


Load (kgm.) 


removed selectively from the surface, whereas 3-05 


the anode specimen was completely destroyed. 
These results are in keeping with my earlier 
observation! that polymerized films (formed 
by decomposition of molecules of hydro- 
carbon vapour under electron bombardment) 
may be removed from glass by ion bombard- 
ment. 

Both polystyrene and polyethylene behaved 

similarly to ‘Perspex’, but etching of the cathode 
specimen was not observed with polystyrene. 
Both these materials sometimes developed hydrophilic 
surfaces during the treatment in a manner similar 
to that observed by Jéch?* using «-irradiation. When 
‘Fluon’ was bombarded the anode specimen developed 
a brown surface, whereas the cathode specimen 
remained white but its surface became deeply etched 
during treatment. Evaporated aluminium films 
deposited on the etched surfaces appeared black, due 
to the deep interstices in the surface acting as light 
traps. 

Linnie are made to Mr. L. J. Budgen 
for his assistance in the preparation of specimens 
and to Mr. A. 8. D. Barrett, technical director of 
Edwards High Vacuum, Ltd., for permission to 
publish this communication. 

L. HoLianp 
Research Laboratory, 
Edwards High Vacuum, Ltd., 
Crawley, Sussex. 
May 6. 
‘Holland, L., Nature, 181, 1451 (1958). 
2 Jéch, C., Z. phys. Chem., 208, 309 (1954). 


Unloading Effects in Aluminium-Zinc Single 
Crystals 


DuRInNG interruptions of tensile tests on crystals 
of pure metals, unloading has been shown to produce 
yield points on subsequent retesting’-*. A similar 
procedure with alloy specimens causes strain-ageing 
yield points to be reduced‘. Unloading yield points 
are first observed during the stage 2 hardening region 
of the stress-strain curve and their magnitude 
increases with stress. At high stresses, strain-ageing 
yield points can be observed to disappear completely 
as a result of unloading. Work in these Laboratories 
using single crystals of dilute aluminium-zinc alloys 
contrasts both types of yield point and indicates 
that dynamic recovery which occurs under the action 
of the applied stress at room temperature is sup- 
pressed as a result of unloading. This work forms part 
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Fig. 1. Region of a load-elongation curve for a single crystal of 

aluminium-0-4 per cent zine alloy, showing a series of inter- 

ruptions at constant time intervals (3 min.) during which de- 
creasing percentages of load were removed and re-applied 





of a study of the general effect of unloading during 
interruptions of tensile tests on single crystals of 
aluminium and of dilute aluminium alloys. 

Wire single crystals of aluminium -—0-4 per cent 
zine alloy were prepared, electropolished and tested 
in an ‘Instron’ tensile machine at a strain-rate of 
2 x 10-*/sec. at room temperature. 

The test to be described concerns the relation 
between the percentage of load removed and the 
subsequent tensile behaviour on re-testing, at regions 
of the stress-strain curve where unloading yield 
points occur, and also where the rate of work 
hardening is small. The time of each interruption 
of plastic flow was constant at 3 min. Under these 
conditions, complete removal of the load produced 
on re-testing an increase in flow stress accompanied 
by a large, sluggish unloading yield point. Main- 
taining the load (or nearly so) produced a small, 
sharp strain-ageing yield point accompanied by an 
appreciable fall in flow stress due to recovery soften- 
ing. The transition from one type of yield point to 
the other, with a corresponding increase in recovery 
softening, is shown in Fig. 1, which is a reproduction 
of the recorded trace. Fig. 2 illustrates the same 
test with the loading sequence reversed. The rate of 
recovery softening with the specimen in the unloaded 
condition is much slower than with the load main- 
tained. The softening after a 60-min. interruption 
with 90 per cent of the load removed is equivalent 
to less than 1 min. with the load maintained. 

Haasen and Kelly? explain the unloading yield 
point in terms of dislocation rearrangements during 
removal of the load. This process is not thermally 
activated, but one where the dislocations come under 
the full action of the back stress of neighbouring 
dislocations when the load is removed and _ lock 
themselves to produce a yield point on reloading. 
A locking mechanism envisaged by Makin’ arises 
from the formation of Lomer-Cottrell sessile disloca- 
tions through the movement of dislocations on 
intersecting slip planes. This is supported by the 
absence of the effect in the region of easy glide. 
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and which embodies continuous feed. Such a 
system could be the electrolysis of water in lead 
storage batteries, the formation of ice in 
glaciers? or the deposition of metals in electro- 
plating works'. That this appears not to be 
the case is shown below: the greatest enrich- 
ment theoretically possible from such a system 
is equivalent to only one theoretical plate. With 
isotope enrichment by continuous-feed elec- 
trolysis the material deposited at first is 
depleted in the heavy isotope with respect to 
the isotopic ratio of the electrolyte and there- 
fore depleted with respect to the feed. As 
electrolysis proceeds the isotopic ratio of the 
heavy isotopes in the electrolyte increases. 
Since the isotopic ratio of the deposited material 
at any instant is always directly proportional 
to that in the electrolyte (the constant of 
proportionality being called the separation 
factor), it also will rise until it approaches, but 
never exceeds, the isotopic ratio of the feed 
material; that is, until the heavy isotope is 
being removed as fast as it is being added. 
This can be shown more rigorously mathematic- 





Fig. 2. Region of load-elongation curve for a single crystal of 

aluminium—-0-4 per cent zinc alloy (asin Fig. 1),showing a series 

of interruptions at 3-min. intervals during which increasing per- 
centages of load were removed and re-applied 


The observed suppression of recovery softening 
associated with the formation of the unloading yield 
point and the disappearance of the strain-ageing 
yield point on unloading may be explained in similar 
terms. With the load maintained, the applied stress 
acting on the dislocations is balanced by the action 
of the back-stress due to neighbouring dislocations. 
In this case thermal energy is sufficient to cause a 
change in the number and distribution of dislocations 
by @ mutual annihilation of some dislocations of 
opposite signs’, and a partial regrouping of excess 
dislocations of the same sign into more stable con- 
figurations’. Both effects produce a softening of the 
crystal. During unloading at room temperature the 
recovery process cannot take place to the same 
extent, due to the anchoring of dislocations in the 
way described, while the interaction of solute atoms 
with dislocations is similarly affected, to produce a 
disappearance of the strain-ageing yield point after 
unloading. 
A. T. THomas 
Aluminium Laboratories Limited, 
Banbury, Oxon. 
April 29. 
?Haasen, P., and Kelly, A., Acta Met., §, 192 (1957). 
* Makin, M. J., Nature, 180, 1476 (1957). 
* Makin, M. J., Phil. Mag., 3, 287 (1958). 
*Holden, A. N., and Kunz, F. W., J. App. Phys., 28, 799 (1952)- 
Paxton, H. W.., tbid., 24, 104 (1953). 
* Burgers, W. G., Proc. Roy. Acad. Sci. Amsterdam, 50, 452 (1947). 
* Mott, N. F., Proc. Phys. Soc., B, 64, 729 (1951). 


Isotope Enrichment in a Continuous 
Feed Process 


TOLANSKY, in a communication in Nature’, suggests 
that the electrolyte from a tin-plating plant which 
has been in operation for 14 years may have an 
appreciably altered distribution of the tin isotopes. 

It seems to be still a common misapprehension 
that one can obtain significant isotope enrichments 
from a system which has an isotope separation step 





ally by solving the differential equations for the 
increase in the heavy and the light isotopes in 
the cell, namely, ; 


[NX] = vX, -aN.X (1) 


and S| Nal —X)] = vl — X.) — wN(1 — XI (2) 


where J, is the total number of tin atoms in the cell 
and where v atoms of tin are being added per second 
to compensate for those being deposited, X is the 
ratio of the heavier isotope to the total number of 
tin atoms at any instant, and X, is the initial ratio 
in the cell. This is also the ratio of the feed. «’ 
and «” are the probabilities of a light and a heavy 
isotope respectively being deposited per second. The 
ratio «”/a’ = « is called the separation factor. 

The solution of equations (1) and (2), assuming 
that «’ and «” are constant, is: 





N 1—-X_+e0X 
, a—(e—1\1-XJexp| - 7 sex (3) 
a 1—X,+aX 


where N is the total number of atoms that have been 
deposited and £ is the enrichment factor (X/X 4). 

From equation (3) it can be seen that as N tends 
to infinity, H tends to : 


EK’ = 


T+ Xde—1) (4) 


E’ is called the equilibrium enrichment factor, which 
is the maximum enrichment theoretically possible in 
@ continuous-flow electrolytic system. Z’ will always 
be numerically less than the separation factor. The 
number of atoms that will have to be deposited in 
order to make EH = 0-999X’ (that is, 99-9 per cent of 
equilibrium) is given by : 


a — X,(« — 1) a 
N= MiT¥ ic — HL8-9 ~ Bey s x (5) 


and assuming the figures given by Tolansky for the 
Ebbw Vale tinplate works, and that N, and N are 
proportional to the mass of tin in the cell and the 
mass deposited, the time T that this will take is given 
in days by the expression : 
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and the variation of this time with the separation 
factor is illustrated in Fig. 1. It can be seen that if 
« is as high as 5, then 7’ would be of the order of 
14 days. But considering the separation factor of 
other isotopes, it is suspected that « would not be 
greater than 1-5, in which case 7’ would be of the 
order of 6 days. It would seem, then, that it is not 
necessary to wait for 1} years, as suggested in the 
communication under consideration, to measure the 
ratio of the tin isotopes. 
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Thus the enrichment is too small to have any 
practical value and we can see no necessity for 
measuring these isotopic enrichments in tin extracted 
from the plant. If, however, it is necessary to 
measure the enrichment of the tin isotopes in a 
continuous-feed electrolytic system which is at 
equilibrium, it is suggested that the following experi- 
ment be set up in the laboratory where the conditions 
of temperature, current density and initial isotopic 
ratio can be carefully controlled. A cell containing 
0-1 gm. of tin in the electrolyte and an electrolysing 
current of 1 ampere will be within 99-9 per cent of 
equilibrium in a time of the order of one hour, if it 
is assumed that the separation factor is as high as 5. 
After this time the isotopic enrichment can be 
measured, 

A. E. BAINBRIDGE 
A. T. Witson 
Division of Nuclear Sciences, 
Department of Scientific and 
Industrial Research, 
Lower Hutt, 
New Zealand. 
‘ Tolansky, S., Nature, 179, 623 (1957). 
* Sandstrom, E. A., Arkiv Fysik, 8, 546 (1951-52). 


In order to secure definite experimental evidence 
as to the validity or otherwise of my earlier tentative 
conjecture that there might possibly be an appreciable 
isotope enrichment in old electrolytic tin-plating 
baths, at my specific request Dr. W. E. Hoare, of the 
Tin Research Institute, has recently obtained some 
comparative isotope abundance measurements. These 
were carried out by G. Nief, of the French Commis- 
sariat a l’Energie Atomique. Abundances were 
measured for a commercial tin sample and on the 
previously mentioned 14-year-old electrolytic sample 
from Ebbw Vale. 

Because of some instrumental contamination, it 
was not possible to evaluate accurately the abundance 
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of the isotopes 112, 114and 115. Thus the actual ratios 
available for comparison do not refer to the optimum, 
which is 112/124, but only to 116/124. Nief reports 
that the ratio 124/116 for the old electrolyte is 
0-408 + 0-002, while the same ratio for the com- 
mercial tin is 0-405 + 0-003. 

It is obvious that the slight difference is of no real 
significance, and this clearly indicates that my 
original conjecture was certainly a weak one, in that 
any effective enrichment is scarcely detectable. 

My thanks are due to Dr. Hoare for the above 
experimental results. ‘ 

S. ToLansky 


Royal Holloway College, 
Egham. 
March 1. 


Detection of Inositol and Inositol 
Diphosphate on Paper Chromatograms 


A cotourR reaction, known as Scherer’s test, is 
extensively used as a specific, qualitative test for 
inositol. It is based on the formation of the coloured 
alkaline earth metal salt (usually calcium salt) of 
rhodizonic acid on the oxidation of inositol with 
concentrated nitric acid'*. While studying phos- 
pholipids containing inositol we needed to identify 
accurately very small amounts of inositol by paper 
chromatography, or by spot tests on filter paper. 
P. Fleury e¢ al.* reported a method in which they used 
mercuric oxide as a catalyst of the oxidation, and 
barium acetate as for the alkaline earth metal. 
This method, however, is tedious and sometimes gives 
uncertain results; the smallest quantity detectable 
is 5-10 ugm. This may be ascribed to the formation 
of yellow mercuric salt at the first stage of the 
reaction. A more sensitive, reliable and easier 
method was, therefore, devised by modifying that of 
Fleury. This modified method can, in addition, be 
applied to the detection of inositol diphosphate 
located on paper chromatograms. The procedure is 
as follows. 

The paper chromatogram is dipped into the first 
reagent mixture, which is prepared by adding 10 ml. 
of concentrated nitric acid to 90 ml. of ethanol. It 
is then drained, and heated in an oven or over a hot 
plate at 95-100° C. for 10 min. (heating above 
105° C. makes the paper yellow). The paper is 
exposed to ammonia vapour for 1—2 sec. to neutralize 
the remaining traces of nitric acid and then dipped 
into the second reagent mixture (n-butanol/glacial 
acetic acid/10 per cent (w/v) aqueous barium 
acetate/calcium chloride, 40 ml. : 10 ml. : 10 ml.: 
0-5 gm.), drained, and heated at 95-100° C. for 
4-5 min., when the orange colour due to barium 
rhodizonate develops on the white background. This 
coloration, however, is not sufficiently intense to 
detect amounts of inositol less than 8 ygm. In order 
to intensify the colour, the paper is thoroughly 
sprayed with a third reagent mixture—5 per cent 
(w/v) calcium chloride in 50 per cent ethanol—and 
then heated at 95-100° C. for 2 min. The orange 
colour changes through cherry-red to rose-pink due 
to calcium rhodizonate. 

By this method 1 ugm. of inositol can be detected 
on one-dimensional paper chromatograms, for ex- 
ample, with 80 per cent -propanol* (Ry, 0:12-0:13) ; 
butanol/acetic acid/water (4:1:1) (Rp, 0-09); 
80 per cent phenol (Rp, 0-21-0-22, yellow back- 
ground). 
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In the case of circular chromatography, 5 ugm. of 
inositol had to be spotted on the centre of a filter 
paper sheet for clear detection, whereas 0-8 ygm. of 
inositol in a spot of 4 mm. in diameter was detectable 
by the spot test on filter paper. Interference by 
chlorides* caused no difficulties, nor did amino-acids, 
glucose or galactose. The colour was very stable, 
lasting for at least six months. The method could 
also be used after spraying with ninhydrin for the 
detection of amino-acids. 

When the method is applied to the detection of 
inositol diphosphate, chromatograms are sprayed 
with 1 N hydrochloric acid and heated at 95° C. for 
4 min., in order to hydrolyse the phosphoric ester. 
This can be repeated twice to give sufficient hydroly- 
sis. The procedure is then as above, provided that 
the treatment with the first mixture is repeated twice. 

Owing probably to the stability of the ester the 
coloration was far weaker than that obtained with 
free inositol, but with practice, detection was quite 
easy. For example, inositol diphosphate’ (about 
40-50 ugm. as inositol) could be clearly identified 
on the one-dimensional paper chromatograms of 
the mild alkaline hydrolysates’ of phospholipids 
containing inositol, which had been prepared from 
ox brain*. This modified method was applicable 
to free inositol as well. Ry values of inositol and 
inositol diphosphate in a solvent system of 62 per 
cent (v/v) tert.-butanol containing 10 per cent 
(w/v) of trichloroacetic acid’ were 0-35-0-36 and 
0-38-0-39, and in <sopropanol/acetic acid/water 
(3:1:1, v/v/v)’, 0-19-0-20 and 0-13-0-15, respec- 
tively. 


No. 4625 


Y. Nagar 
Y. Kowora 


Division of Biochemical Cell Research, 

The Institute for Infectious Diseases, 

University of Tokyo, 
Shiba Shirokane-Daimachi, Minato-ku, 
Tokyo. 
April 5. 

' Salkowski, E., Z. physiol. Chem., 69, 466 (1910). 

* Feigl, F., “Spot Tests in Organic Analysis’’, 5th edit., 393 (Elsevier 
Pub. Go., 1956). 

* Fleury, P., Courtois, J., and Ma.angeau, P., Bull, Soc. Chim. Biol., 
Paris, 35, 587 (1953). 

‘Olley, J., “Biochemical Problems of Lipids”, Proceedings of the 
Second International Conference, 49 (Butterworths Scientific Pub., 
London, 1956). 

* Dawson, R. M. C., Biochim. Biophys. Acta, 14, 374 (1954). 

* Folch, J., J. Biol. Chem., 146, 35 (1942). 

"Bohm, P., and Richarz, G., Hoppe-Seyl. Z., 298, 110 (1954). 


Proteins in Solutions at Low Temperatures 


WE sought solvents which would dissolve proteins 
and associated substances at or below the temperature 
of ‘dry ice’ and form glasses remaining clear at the 
temperature of liquid nitrogen. These desiderata 
stem from the expectation that at temperatures 
below that of an irreversible process, reversible 
reactions occur, and that weakly bonded substances 
and intermediates may be more readily identified 
at lower temperatures'. The clear glasses would 
facilitate the determination of properties at still lower 
temperatures by optical means. In addition, the 
solvents would be removable at low temperatures, 
so that the proteins could be estimated in the usual 
way in aqueous media for their biological activity, 
and for the extent of their irreversible denaturation. 

A number of proteins are known to be soluble in 
non-aqueous solvents*-*; some of these lose little 
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biological activity when returned to aqueous media. 
Katz* brought to light the remarkable fact that 
liquid hydrogen fluoride was a fairly general solvent 
for proteins, and made some observations between 
the temperature of ‘dry ice’, —78° C., and the boiling 
point of the solvent, + 19°C. 

In the present work, the solvents consisted of 
mixtures, some of which were entirely non-aqueous 
whereas others also contained water. Among the 
first solvents examined were the following two: 
methyl hydrazine, about 20 per cent, primary 
methylamine, 40 per cent, and trimethylamine, 
40 per cent by volume; and trifluoroacetic acid, 
20 per cent, methylamine, 55 per cent, and trimethyl- 
amine, 25 per cent by volume. The first solution 
was still mobile although very viscous at about 
— 150°C. and the second at about — 110°C. 
Below these temperatures they became rigid and 
clear glasses. The first solvent could be removed 
by molecular distillation at — 78° C. in a few hours. 
The second on being subjected to distillation at 
— 78°C. left crystals composed presumably of the 
substituted ammonium trifluoroacetates. 

The proteins studied were mostly crystalline 
enzymes (Worthington Biochemical Corporation, 
Freehold, N.J.) which dissolved at — 78°C. from 
within an hour to a few days, ending at a concentra- 
tion of about 0-5 mgm./ml. In the solvent contain- 
ing methyl hydrazine, the enzyme actually dissolved 
when the tertiary amine was absent. This diluent 
was added to increase fluidity to a lower temperature 
and to lessen the degree of shattering of the glass 
at the temperature of liquid nitrogen. All the pro- 
teins examined dissolved in either one or both 
solvents ; in general, those of lower molecular weight 
dissolved more rapidly ; salts also dissolved in these 
solvents. 

Solutions of the following proteins were prepared : 
acetylated trypsin, catalase, chymotrypsin, chymo- 
trypsinogen, deoxyribonuclease, insulin, lysozyme, 
ovomucoid, pepsin, peroxidase, ribonuclease, soybean 
trypsin inhibitor, trypsin, trypsinogen. 

As a tool for investigating some of the molecular 
properties of proteins in solution, we examined 
fluorescence and phosphorescence spectra from mobile 
solutions at — 78° C. and from vitreous solutions 
at — 196° C., both during excitation and about 
four milliseconds after excitation in the region 2850- 
3150 A. 

In general, the spectra of the solutions varied with 
the proteins, and for a given protein varied with 
the solvent. There was no detailed structure in the 
few spectra taken at — 78° C. and no phosphorescence 
was visible from these fluid solutions. Since the 
latter spectra require rigid systems, it would seem 
that the rigidity within the protein molecule even 
at — 78° C. is not sufficient to permit the trapping 
of excited states or of electrons. At — 196° C., 
the glasses exhibited spectra having some structure 
which was especially marked in the afterglow 
(delay of 0-004 sec. or longer). As a rule, the 
solutions containing hydrazine exhibited more 
diffuse spectra than those containing trifluoroacetic 
acid, a difference which also held when the solutes 
were tryptophan, tyrosine and peptides containing 
the residues of these acids. A correspondence was 
found between the fluorescence and phosphores- 
cence spectra and known chemical composition of a 
protein. Ribonuclease and insulin possessing no 
tryptophan residue exhibited no phosphorescence 
characteristic of tryptophan, but fluorescence 
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and phosphorescence were strong in the 

region characteristic of the tyrosine residue 

known to be constituents of these substances. 

We confirmed the results of Debye and 
Edwards* that aqueous solutions of some 
proteins exhibited almost indistinguishable 
phosphorescence spectra. We found devia- 
tions, however, in the spectra of some 
proteins in these solutions in addition to 
those ascribable merely to the presence or 
absence of phosphorescent centres. Instances 
were encountered when the protein in 
organic medium had a phosphorescent spec- 
trum different from that in aqueous solution, 
but upon replacing the organic solvent with 
water the phosphorescence characteristic of 
its purely aqueous solution reappeared with- 
out change. Such restoration was not pos- 
sible when the combined amine solvents had 
been employed. ‘The exclusion of primary 
methylamine led after replacing solvent by 
water to a restored spectrum deviating but 
slightly from that of the usual aqueous 
solutions. 

This work was performed under the auspices of 
the U.S. Atomic Energy Commission. We are 
indebted to the Eli Lilly Co. for a sample of insulin— 
zine in very low concentration. 

Smon FREED 
James H. TuRNBULL* 
Wru1uM SALMRE 
Chemistry Department, 
Brookhaven National Laboratory, 
Upton, Long Island, New York. 

* On leave from the University of Birmingham, England. 
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Effects of Certain Compounds related 
to Trypan Blue on the Experimental 
Production of Liver Cancer 


Previous studies have shown that subcutaneous 
injections of trypan blue to rats fed with diets con- 
taining N,N,-dimethyl-p-(phenylazo)aniline inhibit 
the formation of liver tumours':*. A further attempt 
to inhibit the experimental production of liver cancer 
was made with certain compounds related to trypan 
blue (sodium 3,3’-dimethyldipheny]-<,4’-bis-azo-(2”)- 
8’-amino-1’-naphthol-3’,6’-disulphonate). The pre- 
sent communication deals with the effects of direct 
blue B3 and semitrypan blue (see Fig. 1). 

In these experiments a 1 per cent solution of direct 
blue BB and a 2 per cent solution of semitrypan blue 
dissolved in cold sterile distilled water were freshly 
prepared for each injection. 45 ml. of a 2 per cent 
solution of N,N-dimethyl-p-(phenylazo)aniline dis- 
solved in olive oil was added to 1,000 gm. of a basal 
diet of unpolished rice containing 1-33 mgm. of ribo- 
flavin ai.d 74-1 gm. of protein per kgm. Sixty rats 
of mixed breed weighing 80-160 gm. were fed on 
this diet containing 0-09 per cent N,N-dimethyl-p- 
(phenylazo)aniline, supplemented by unlimited quant- 
ities of water and some greenstuff, daily. The rats 
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S80,Na SO;Na 
blue : 
Sodium 3,3’ diss tayldighonyl4, 4’-bis-azo- 
(2”)-8’-amino-1*-naphthol-3’,6”-disulphonate 


OH NH, 


O;Na 


Direct blue BB: 
Sodium dipheny]-4,4’-bis-azo-(2”)-8”- 
amino-1*-naphthol-3’,6’-disulphonate 


Semitrypan blue : 
Sodium 2-methylbenzen-azo-(1,2’)-8’- 
amino-1’-naphthol-3’,6’-disulphonate 


Fig. 1 


were divided into three groups of 20, the rats of 
two groups receiving six weekly l-ml. injections of 
one of the dyes (direct blue BB and semitrypan blue 
groups respectively) simultaneously with the com- 
mencement of the feeding, and one group acting as 
control. The feed containing N,N-dimethyl-p- 
(phenylazo)aniline was continued until the amounts 
of the drug taken per rat totalled 520-530 mgm. ; 
then a basal diet was given until the animals were 
killed on the 130-132nd day after commencement 
of the experiment. 

The majority of the rats in the semitrypan blue 
and control groups maintained their weights for 
about four months and presented a healthy appear- 
ance throughout the first two months. On the other 
hand, animals on direct blue BB lost body-weight 
gradually from the beginning of the experiment, and 
showed some ill-effects, suggesting toxicity of the 
dye. The: chief cause of death was respiratory 
infection, and the mortality-rates in the direct blue 
BB, semitrypan blue and control groups were 70-0, 
10-0 and 5-0 per cent on the 100th experimental day. 
Examination for tumours showed an incidence of 
15 out of 18 in the semitrypan blue group, 3 out of 
6 in the direct blue BB group, and 16 out of 19 
in the control, indicating that no definite differ- 
ence exists between the three groups (statistical 
significance of less than 5 per cent). But the tumours 
of the direct blue BB group were found to be cir- 
cumscribed and smaller than those of the other two 
groups. Thus, semitrypan blue did not possess an 
inhibitory effect on the incidence and course of 
tumours induced by N,N-dimethyl-p-(phenylazo)ani- 
line at all, but direct blue BB did not show a clear-cut 
inhibition when compared with the results reported 
for the Merck and Gruebler products of trypan blue. 

Recent studies on the biological actions of trypan 
blue and direct blue BB showed that when these 
dyes are injected subcutaneously into rats at weekly 
or bi-weekly intervals, reticulum cell sarcoma of the 
liver occurred in 55 per cent of the rats surviving 
150 days of staining with the former dye’, and fibro- 
sarcoma occurred at the site of injection in two of 
10 rats surviving 165-200 days of staining with the 
latter dye*. There was no evidence that semitrypan 
blue possesses carcinogenetic properties. Trypan blue 
and direct blue BB, which lead to the formation of 
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sarcoma when injected into rats and yet have some 
inhibitory effects on carcinogenesis induced by 
N,N-dimethyl-p-(phenylazo)aniline, resemble 20- 
methyl cholanthrene, which inhibits liver tumour 
formation in rats receiving N,N-dimethyl-p-(m- 
tolylazo)aniline. Variations in the carcinogenic 
activity of direct blue BB, compared with trypan 
blue, might account for some of the differences in 
the anticarcinogenic activity. 

There is the possivility that one compound pro- 
ducing sarcoma and another producing cancer act 
antagonistically in the same animal, but there is no 
evidence to support or disprove such an idea. 

We thank Dr. T. Oyama for his encouragement, 
Dr. 8. Iwase for many helpful suggesticns, and Mr. 
T. Takayanagi and Miss Yasuyo Sugiyama, who gave 
technical assistance in the aistological examinations. 

K. Fosrra 
T. Mine 
T. Ito 
M. Matsuyama 
Department of Biochemistry, 
School of Medicine, and 
Department of Applied Chemistry, 
Faculty of Engineering, 
Nagoya University, 
Japan. 
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Bread and the Growth of Weanling Rats : 
the Lysine-Threonine Balance 


IN a previous communication! it was shown that 
the rate of growth of young rats, on diets containing 
the dried crumb of white bread as the sole source 
of protein, was increased approximately three-fold 
when 0-2-0-3 per cent of L-lysine was added to the 
diet. The level of protein in these diets (nitrogen, 
2-15 per cent dry-weight basis) was of the same order 
as that of commercial white bread. At this content 
of protein there was no further increase in growth- 
rate, or in the protein-efficiency ratio, when more 
than 0-3 per cent L-lysine was added. 

This work has been continued by using diets in 
which the bread has been made from flours differing 
markedly in their content of protein, and comparing 
the effect of adding t-lysine and other amino-acids 
at these different levels of protein. The results 
obtained in this series of experiments are summarized 
in the present communication, since, inter alia, they 
resolve some of the contradictions found in the 
literature on the supplementation of bread protein. 
In particular, they clarify the interrelationship of 
L-lysine and u-threonine as supplementary amino- 
acids for bread protein. It has been found that this 
interrelationship is influenced by the content of 
bread protein in the diet. 

With diets in which bread protein was contributing 
about 2-2 per cent nitrogen and with only lysine as 
&@ supplementary amino-acid, an optimum response 
in rate of growth was obtained with 0-2-0-3 per 
cent L-lysine. At this level of supplementation with 
L-lysine no further improvement was obtained by 
also adding t-threonine. This result is in agreement 
with the observations of Rosenberg, Rohdenburg and 
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Table 1. GROWTH OF MALE WEANLING Rats 
The bread diets contained 5 per cent arachis oil, 4 per cent salt mixture 




















(ref. 6), 0-2 per cent choline chloride, 0-4 ¥ cent liver powder, the 
vitamin mixture described previously (ref. 7). breadcrumib and sucrose. 
The egg diet was similar except that breadcrumb was by 
whole egg protein and starch 
Gain in Gain in 
Nitrogen weight weight 
Diet content per rat per gm. 
of diet perday | nitrogen 
(per cent) (gm.) consumed 
Bread + 0-25 per cent L- 
lysine 1°37 1:9 12-9 
Bread + 0-25 per cent L- 
lysine + 0-1 per cent L- 
threonine 1-38 3-3 20-1 
Bread + 0-25 per cent L- 
lysine 2-26 35 14:7 
Bread + 0-25 per cent L- 
ne + 0-1 per cent L- 
t nine 2-25 3°55 14°8 
Bread + 0-25 per cent L- 
lysine + 0-1 per cent L- 
nine + 0-15 per cent 
DL-methionine 2°28 3-65 148 
Bread + 0-25 per cent L- 
lysine + 0-1 per cent L- 
eonine 2°26 3-6 14-6 
Bread + 0-5 per cent L-lysine 
+ 0-1 percent L-threonine 2-30 46 17°3 
Bread + 0-5 per cent L-lysine 
+ 0-1 per cent L-threonine 2-31 4°25 16-0 
Bread + 0-5 per cent L-lysine 
+ 0-2 per cent L-threonine 2°34 4-5 16-2 
Bread + 0-5 per cent L-lysine 
+ 0:2 per cent L-threonine 2°31 48 18°8 
Whole egg protein 2-23 5-6 23-3 




















Baldini?, who found that if their bread diets (2-0 per 
cent nitrogen) were supplemented with lysine no 
further improvement was obtained by © addi 
threonine, valine or methionine. But we have found, 
with the diets containing 2-2—2-3 per cent nitrogen, 
that if the added lysine is increased to 0-5 per cent 
there is a further improvement when 0-1 per cent 
L-threonine is also added, although 0-5 per cent 
lysine alone produces no better effect on the rate of 
growth than an addition of 0-25 per cent. This 
result confirms a similar observation of Deshpande, 
Harper and Elvehjem*. 

With diets containing bread of lower protein con- 
tent (1-35-1-9 per cent nitrogen) the results obtained 
were different, in that when 0-25 per cent L-lysine 
was added to give optimum response with this 
amino-acid a further improvement was obtained by 
the addition of 0-1 per cent t-threonine. This result 
is in agreement with the observations of Deshpande, 
Harper and Elvehjem* and those of Sure‘, who 
used diets with a nitrogen content of less than 2 per 
cent, and is consistent with those of Bender’ in his 
measurements of net protein utilization with diets 
of nitrogen content 1-5 per cent. 

These results provide further evidence that the 
nutritive value of bread protein, as measured by the 
rate of growth of weanling rats, is limited in the first 
place by the relatively low content of lysine. The 
value, so measured, may be improved by the addition 
of lysine, whereupon the content of threonine becomes 
the factor limiting further improvement. Essentially 
because of these limitations the level of protein intake 
by the young rat has a pronounced influence on the 
results obtained in studies of the supplementation 
of bread protein with lysine and threonine, where 
rat growth is used as the method of assessing nutritive 
value. 

Growth-rates on bread diets (2-2-2-3 per cent 
nitrogen) supplemented with L-lysine and L-threonine 
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were also compared with those obtained on diets 
(2-25 per cent nitrogen) containing whole egg protein. 
The rate of growth on the supplemented bread 
protein diet was about 85 per cent of that on the 
egg protein diet ; with no amino-acid supplementation 
the growth-rate on bread protein was about 20 per 
cent of that on the egg protein. 
Results illustrating these points are given in 
Table 1. 
J. B. HurcHinson 
T. Moran 
J. PAcE 


Research Association of British Flour-Millers, 
Cereals Research Station, 
St. Albans. 
May 8. 
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6, 503 (1957). 
‘Sure, B., Arch. Biochem. Biophys., 39, 463 (1952). 
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Serotonin Metabolism in Herbivores 


REcENTLY, Erspamer' has reported that the urine 
of adult rabbits, guinea pigs and horses contains no 
detectable 5-hydroxyindoleacetic acid, which is found 
in the urine of men, dogs and rats as an important 
metabolic product of endogenous serotonin. He has 
suggested that in adult herbivores the metabolic 
pathway for serotonin may differ from that in 
carnivorous and omnivorous mammals. We have 
therefore investigated whether oxidative deamination 
is only the first step of a more radical breakdown 
process, which may even involve the rupture of the 
indole ring. 

Serotonin or 5-hydroxyindoleacetic acid at a dose 
of 1 mgm./kgm. body-weight was injected subcutane- 
ously into rabbits and guinea pigs, and the urinary 
excretion of the acid was measured by means of 
chromatography. It was found that only 3-4 per 
cent was recovered after administration of serotonin, 
whereas the recovery of exogenous 5-hydroxy- 
indoleacetic acid was 75 per cent or more. To 
examine the metabolic sequence in vitro, serotonin 
was incubated with rabbit or guinea pig tissue 
homogenates in 0-067 M phosphate buffer, pH 7-3, 
at 37° C. for 2 hr. Aliquots were taken from the 
reaction mixture, extracted with acetone, and 
chromatographed on filter paper with an 8 per cent 
solution of sodium chloride or n-butanol/acetic acid/ 
water (5: 1:4). The disappearance of serotonin from 
the incubation mixture of intestine, lung and brain 
was significant, regardless of the percentage formation 
of 5-hydroxyindoleacetic acid (Table 1), but new 
indole spots could not be demonstrated chromato- 
graphically. 

Iproniazid in a final concentration of 10-* M 
completely inhibited the enzymic destruction of 
serotonin. In the presence of semicarbazide’ or 
ésonicotiny! hydrazide, the products from the coupling 
of 5-hydroxyindoleacetaldehyde with the above 
carbonyl reagents could be detected. On the other 
hand, further oxidation of 5-hydroxyindoleacetic acid 
could not be detected after incubation in the same 
way. 
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Table 1. ENZYMIC DESTRUCTION OF SEROTONIN BY DIFFERENT TISSUR 
HOMOGENATES 
5-Hydroxyindole- Serotonin not 
Animal Tissue acetic acid formed metabolized 
(per cent) (per cent) 
Rabbit Liver 75 5 
Kidney 43 14 
Intestine 31 12 | 
Lung 35 16 
Brain 26 21 
Guinea pig | Liver 76 3 
Kidney 40 10 
Intestine 33 6 
Lung 34 11 
Brain 24 15 














When the final concentration of serotonin was 
raised more than 2 x 10-* M, the incubation mixture 
became yellow, turning gradually brown, and emitted 
an intense yellow fluorescence under ultra-violet 
light. Two kinds of pigments were isolated from the 
mixture. One is a yellow pigment, which in solution 
has a yellow fluorescence, is soluble in alcohol and 
acetone, but not in water, though it comes gradually 
into solution in an alkaline medium. The other is 
faintly yellow and shows a bluish fluorescence when 
dissolved in water. Both pigments gave no change 
of colour with Ehrlich’s and Pauly’s reagent, but the 
xanthoproteic reaction was positive. Ultra-violet 
absorption spectra of these pigments were quite 
different in character from those of serotonin and 
5-hydroxyindoleacetic acid (Fig. 1). The formation 
of the pigments was accelerated by hydrogen 
peroxide*, but completely inhibited by iproniazid or 
cyanide, and partially inhibited by ethylenediamine 
tetraacetate, semicarbazide or isonicotinyl hydrazide. 
It is noteworthy that, in spite of the failure of ‘whole’ 
herbivores to produce 5-hydroxyindoleacetic acid, the 
homogenates of their tissues are able to do so. The 
studies of Weisbach e¢ al.* have indicated that its 
production is dependent on a diphosphopyridine 
nucleotide-linked aldehyde dehydrogenase. 

The inability of ‘whole’ herbivores to produce 
5-hydroxyindoleacetic acid therefore suggests that, 
in vivo, the bulk of diphosphopyridine nucleotide 
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Fig. 1. Ultra-violet absorption spectra of the ents formed 
from serotonin (in 95 per cent methanol). I, Yellow pigment 
which has a yellow fluorescence; II, faint yellow pigment which 


has a bluish fluorescence 
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may not be utilized for production of the acid but for 
another purpose. 

The evidence suggests that, in herbivores, serotonin 
is attacked by monoamine oxidase as a first step and 
that the secondary reaction in which pigments are 
formed may be concerned with condensation of the 
aldehyde, probably by the enzyme of a catalase— 
peroxidase system. Furthermore, it is likely that the 
pigment formation from serotonin may also occur 
in vivo and that it may play an important part in 
herbivorous mammals. 

KEnco NaKAI 


Department of Pharmacology, 
Fukushima Medical College, 
Fukushima, Japan. 

Feb. 25. 


* Erspamer, V., J. Physiol., 127, 118 (1955). 
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229, 958 (1957). 

* Blaschko, H., and Hellmann, K., J. Physiol., 122, 419 (19538). 


Leucocyte Antibodies in Sera from Pregnant 
Women 


AtTTEmMPTs to demonstrate leucocyte antibodies in 
sera from pregnant women, so far as we know, have 
been unsuccessful. However, from recent observa- 
tions in our laboratory, we believe that they do occur. 
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A patient (H. B.)—sixth pregnancy (two abortions) 
—delivered of premature twins had a post-partum 
bleeding for which she received a blood transfusion. 
This transfusion was followed by a febrile reaction ; 
incompatibility of blood groups could be excluded as 
a cause. Serological investigations, however, showed 
strong leucocyte antibodies (Dausset’s technique’) in 
the patient’s serum ; these were also present before 
the transfusion. The patient had had no prior 
transfusions. 

The possibility was considered that these leucocyte 
antibodies had arisen through immunization during 
earlier pregnancies. Review of the serological findings 
of the transfusion reactions in the records of the 
Obstetrics Department revealed one other case 
(H. W.), in which leucocyte antibodies were present. 
That patient also had never previously received a 
blood transfusion. 

Thereupon all sera from the Obstetrics Department 
which had been stored in deep freeze were investigated 
for leucocyte antibodies. The sera were tested on 
subsequent days at least twice against fresh leucocyte 
suspensions from twelve normal individuals (Tables 
1 and 2). 

It seems that, for the demonstration of these 
leucocyte antibodies, use must be made of leucocyte 
suspensions from various donors. Possibly this is 
due to the different antigenic structure of leucocytes. 
This is supported by the fact that the serum from 















































Table 1 
Patient’s sera H.B vL.V. T. D. H. W. R. B. 8. vd B. Blood groups of the donor erythrocytes 
Donor leucocytes 
1 ++ oO Cc D ee Cr— 
++ ++ +++ + ++ NN Pr Keli — Fy*— a re 
2 + a ts ce e — s— + 
peed ae | eee oe es eee 
3 - - +++ = c 6 — rags + 
++++ ++ + MN P+ Kell Fy*— ‘i re 
| 4 os _ _ cc 2e "— os fe 
| oe i ee iS ae eee 
5 7 ‘iiiie = _ ee ve _ + 
| peas es ae ee 2 
6 ~ - - - c ee iw 
| Hs Be Be ae eae g 
7 - _ _ _ ce e _ ae “ 
“acl . MM P+ Kell - Fy*+ a nee 
8 = = -_ _ c e w a4 rae 
blo bia te rt +) Kell— bag “ 
9 _ =e - - = ic ee v— a + 
| a eae Oe ae 
10 -- _ _ - c ee w es — + 
11 x - _ - a c w — *— + 
ea MM P— Kell— Fy*+ 
12 es =~ = =- - - Oo Cc Dee Cr— Le*— Ler+ 
MM P+ Kell— Fy*— 
Table 2. PATIENTS FROM THE OBSTETRICAL DEPARTMENT WITH LEUCOCYTE AGGLUTININS IN THE SERUM 
Patient H. B. vL.V. 7; Ds H. W. R. B. S. vd B. 
| No. of pregnancy 6 3 11 8 10 4 
| Preceding transfusions none none after sixth delivery none none none 
(Rh + blood) 
Transfusion reaction + no transfusion + + +? +? 
given (Cesarian section) | (Cesarian section) 
Blood group of patient oO Rh—- O Rh+ oO Rh— A Rh— O Rh— O Rh— 
Blood group of husband A Rh+ A Rh+ A Bh+ A Bh+ O Rh+ O Rh+ 
Antibody titre during 
pregnancy 
| inc. anti-A 1/64 1/82 1/16 0 0 0 
| inc. anti-D 0 0 1/256 1/500 1/128 1/500 
| History of earlier abort. 2 x abort. 1 x normal 8 x abort. 3 x abort. 1 x abort. 1 x 
pregnancies prem. 1 x prem. 1 x icter.1 x immat.1 x stillbirth 6 x stillbirth 1 x 
normal 2 x hydrops 1 x ict. grav. 2 x normal 3 x normall x 
| History of most recent | premature twins; | Hb 21 (gm. hydrops exchange trans- | Hb 14 (gm. per Hb 12 (gm. per 
| pregnancy one normal, one per cent) fusion, after- cent) 3 exc cent) breathing 
| with 20 mgm after three wards 19 mgm. | transfusions, difficulties, 
per cent bilirabin days 15 — per cent bili- afterwards 18-7 | Blood group O 
| per cent bili- rubin mgm. per cent Rh—- 
rubin bilirubin 
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H. B., after absorption with leucocytes from donor 
10, still agglutinated leucocytes from donors 8 and 9, 
but no longer agglutinated leucocytes from donor 10. 
Further, it was found that H. B.’s serum did not 
agglutinate her own leucocytes. The sera studied, 
however, represent a selected group. All sera con- 
taining leucocyte antibodies, as well as those sera 
which reacted negatively in this regard, were retained 
because anti-A, anti-B and/or anti-D antibodies could 
be shown to be present in them. 

It is perhaps important to note that the patients 
with leucocyte antibodies had an average of seven 
pregnancies (six patients, three to eleven pregnancies), 
whereas the sera which did not contain leucocyte 
antibodies were obtained from patients with an 
average of three pregnancies (thirty-four patients, 
one to eight pregnancies). 

Little is known at present about the clinical 
significance of these antibodies, ex- 
cept that they produced transfusion 
reactions. It is not impossible that 
leucocyte antibodies are able to 
influence unfavourably the develop- 
ment of the foetus; perhaps an 
example is seen in patient S. vd B., 
where, in spite of the infant’s blood 
group being O Rh— negative, the 
child was in poor condition at birth. 

Indirect support is found in the 
clinical history of patient R. with 
aplastic anemia. After forty blood 
transfusions he developed a strong 
complete leucocyte antibody and 
suffered a marked febrile reaction 
with each further transfusion. This 
could be prevented by transfusing 
the patient with blood poor in leuco- 
cytes. In this connexion it may be 
important to note that the increase 
in hemoglobin with transfusion of 
blood poor in leucocytes was much 
greater than with whole blood. 

Thus we believe that leucocyte 
antibodies can occur in the sera of 
pregnant women who have never 
received a blood transfusion. It 
is possible that these antibodies 
are the result of immunization from previous preg- 
nancies, and it cannot be excluded that these 
antibodies may be specific to certain blood groups. 
These antibodies can probably produce transfusion 
reactions; as with ABO— and Rh— antagonism, 
incomplete antibodies may play a more important 
part than the complete antibodies which we have 
de-nonstrated. 

The frequency of occurrence of leucocyte antibodies 
during pregnancy, their blood-group specificity, 
especially in regard to the antigenic structure of the 
leucocytes of the husband, and the occurrence of 
incomplete leucocyte antibodies* are now being 
investigated. 


Fig. 1. 


J. J. vAN Roop 
J. G. EERNISSE 
A. vAN LEEUWEN 


Department of Immunohematology, 
University Hospital, 
Leyden. 
April 24. 
1 Dausset, J., Nenna, A., and Brecy, H., Blood, 9, 696 (1954). 


*y. Loghem, J. J., v. d. Hart, M., and Borstel, H., Vox Sanguinis, 
(N.S.), 2, 257 (1957). 
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Effects of 6-Mercaptoethanol on 
Morphogenesis in Amphibian Eggs 


Ir has recently been shown by Mazia' that 
B-mercaptoethanol, a strongly reducing substance 
containing —SH, exerts powerful effects on sea 
urchin eggs (inhibition of cleavage, production of 
twin embryos). In the present work, the effects of 
mercaptoethanol (M/100—M/1,000) have been studied 
on amphibian eggs (frog, Pleurodeles and Azolotl) in 
order to test the hypothesis which I presented earlier*.*, 
that morphogenetic movements might be linked to 
oxidation of —SH groups of fibrous proteins. It was 
to be expected, according to this hypothesis, that 
mercaptoethanol would very effectively block protein 
—SH oxidation and, therefore, prevent morpho- 
genetic movements. The experimental results indicate 
that this expectation has been fulfilled. 





Treatment with M/100 mercaptoethanol, at the late-gastrula stage during 
(a) 2 days; (b) 3 days; (c) 4 days; Xd) control after 4 days 


During cleavage, mercaptoethanol (M/100) in- 
hibits cell division after a lag period of a few hours. 
Cytological observations show that, as in the sea 
urchin eggs studied by Mazia', mercaptoethanol has 
its main action on the spindle. Production of nucleoli 
is often delayed, and the nucleolar content of ribo- 
nucleic acid seems subnormal. 

When applied to late blastule or early gastrule, 
mercaptoethanol produces a complete collapse of 
the blastoccele. Cells at the animal pole form wrinkles. 
Invagination ceases completely, and the block in 
gastrulation soon becomes irreversible. The distribu- 
tion of ribonucleic acid remains essentially normal, 
showing the usual animal-—-vegetal gradient?. 

The most interesting results are obtained when 
mercaptoethanol (M/100—M/300) is added to late 
gastrule. The embryos readily survive for three to 
four days and, as shown in Fig. 1, a medullary plate 
is induced ; but this plate remains almost completely 
flat. Chorda and somites can differentiate, and the 
embryos become pear-shaped. Obviously, there is a 
marked inhibition of the response of the neural 
material to the inducing activities of the organizer, 
and of the movements that lead to the closure of the 
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neural tube. The inhibition of closure of the neural 
plate is partially reversible if the eggs are returned 
to water; but the addition of oxidizing agents con- 
taining —-SS, such as the oxidized form of mercapto- 
ethanol (dithio-diglycol), did not visibly improve the 
recovery of the blocked neurule. 

While these experiments suggest that oxidation 
of —SH to —SS groups plays an important part 
in morphogenetic movements, further biochemical 
analysis is required before the exact mechanism of 
action of mercaptoethanol can be_ established. 
Observations recently made in this Laboratory in- 
dicate that the effects described in. the present study 
can also be obtained with cysteine, a fact which 
suggests that morphogenetic processes such as closure 
of the neural plate might be linked with the meta- 
bolism of amino-acids containing sulphur. 

I wish to thank Prof. D. Mazia, who directed my 
attention to §-mercaptoethanol, and kindly allowed 
me to read and cite his forthcoming paper. 


J. BRACHET 


Laboratoire de Morphologie animale, 
Université libre de Bruxelles. 
1 Mazia, D., Exp. Cell Res. (in the press). ; 
* Brachet, J., “‘Embryologie chimique” (Desoér, Liége, 1944). 
5 Rapkine, L., and Brachet, J., Bull. Soc. Chim. Biol., 38, 427 (1951). 


Effects of 8-Azaguanine on the Synthesis 
of Protein and Nucleic Acids 
in Bacillus cereus 


THE guanine analogue, 8-azaguanine, inhibits 
growth of a variety of tissues and micro-organisms, 
possibly as a result of its incorporation into ribo- 
nucleic acids. In Bacillus cereus, as much as 40 per 
cent of the ribonucleic acid guanine has been shown 
to be replaced by azaguanine!. The inhibition of 
growth of these bacteria (as estimated from optical 
density measurements) conceals more complex 
changes of metabolism, especially a dissociation of 
the formation of ribonucleic acid from that of protein?. 
These changes have now been more thoroughly 
studied, and the essential observations are the subject 
of this communication. 

Bacillus cereus, strain NCTC 569, or a penicillinase 
constitutive mutant derived therefrom, was grown 
overnight in 1-l. Roux flasks containing 50 ml. of 
casein hydrolysate medium. The bacteria were 
collected when the suspension contained 0-15—0-20 
mgm. dry weight per ml. They were transferred 
into fresh medium containing casein hydrolysate, 
phosphate, ‘Tween’ and citrate, and the suspension 
of bacteria was adjusted to 0-3 mgm. per ml. 20-ml. 
portions of this suspension in 100-ml. Erlenmeyer 
flasks were shaken in a constant-temperature water- 
bath at 30°C. About 20 min. after they had been 
transferred into fresh medium, the bacteria entered 
a phase of logarithmic growth, with a mean generation 
time of 65-70 min., as determined by measurements 
of optical density. They continued to grow ex- 
ponentially at this rate for about 4 hr. The experi- 
ments were begun 1 hr. after the bacteria had been 
transferred to fresh medium. 

When 8-azaguanine-2-*C was added at a final 
concentration of 3-6 ugm. per ml., the amount of 
analogue in the ribonucleic acid of the bacteria 
increased linearly for 60 min., and reached a maximum 
in about 120 min. After this it was rejected from the 
ribonucleic acid, half the azaguanine previously 
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incorporated being lost within the next 3 hr. The 
rate of logarithmic growth, estimated from determ- 
inations of optical density, decreased rather suddenly 
to an apparent mean generation time of 180 min., 
about 15 min. after addition of azaguanine, and 
remained constant for the remainder of the experi- 
ment. However, the synthesis of deoxyribonucleic 
acid and of cell-wall material (hexosamine in the 
trichloroacetic acid precipitate) were unaffected. 
Protein synthesis was strongly inhibited, with similar 
results obtaining when protein, was determined by 
the Lowry method? (Fig. 1), or when rate of incor- 
poration of methionine labelled with sulphur-35, 
valine labelled with carbon-14, leucine or phenyl- 
alanine was measured. The figure also shows that 
synthesis of ribonucleic acid, measured by the 
orcinol method, was increased in the presence of 
azaguanine. A similar result was obtained when the 
rate of incorporation of uracil-2-“C into ribonucleic 
acid was measured. It will also be noted that the syn- 
thesis of ribonucleic acid tended to return to a normal 
rate after about 120 min., at the time when it began 
to lose part of the azaguanine it had contained. 

With higher concentrations of azaguanine (for 
example, 36 ugm. per ml., which is in the range of 
concentrations used in most of the published work) 
the picture is slightly different. Azaguanine continues 
to be incorporated into ribonucleic acid for several 
hours. The inhibition of protein synthesis is estab- 
lished 10 min. after the addition of azaguanine. 
Synthesis of ribonucleic acid does not differ much 
from that in the control, but formation of deoxyribo- 
nucleic acid is inhibited by about 50 per cent. The 
synthesis of cell-wall material is again unaffected. 
After 3 hr., however, synthesis of deoxyribonucleic 
and ribonucleic acids, protein and cell-wall material 
stops altogether. 

The ribonucleic acid formed in the presence of 
azaguanine is abnormal, it contains azaguanine', and 
we have observed that it is more readily split in acid 
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medium than normal ribonucleic acid of Bacillus 
cereus. 

In the presence of azaguanine, either at high or 
low concentrations, the bacteria thus accumulate 
abnormal ribonucleic acid and become relatively poor 
in protein. The affinity of the treated bacteria for 
basic dyes is strikingly increased. 

There are similarities between the effects of aza- 
guanine on Bacillus cereus and the action of chloram- 
phenicol in Escherichia coli*.*. With both substances, 
protein synthesis is inhibited, an abnormal ribo- 
nucleic acid accumulates in the presence of the 
inhibitor and this abnormal acid is destroyed or re- 
organized when the toxic substance is removed or 
when its action is overcome. 

It is not known at present whether protein syn- 
thesis is inhibited as a result of the formation of 
an abnormal ribonucleic acid or whether the inhibition 
of protein synthesis and the accumulation of ab- 
normal acid are two consequences of a single bio- 
chemical lesion at the level of small nucleotidic 
compounds*.*, 

H. CHANTRENNE 
S. DEVREUX 


Laboratoire de Chimie biologique, 
Faculté des Sciences, 
Université de Bruxelles. 
Smith, J. D., and Matthews, R. E., Biochem. J., 66, 323 (1957). 
* Chantrenne, H., Rec. Trav. Chim. Pays-Bas (in the press). 
* Lowry, O. H., Rosenbrough, N. J., Farr, A. L., and Randall, R. J.. 
J. Biol. Chem., 198, 265 (1951). 
* Gros, F., and Gros, F., Eap. Cell Res., 14, 104 (1958). 
* Meldieeess, F. C., and Gros, F., Biochim. Biophys. Acta, 25, 513 
( 7). 


* Mandel, H. G., J. Biol. Chem., 225, 137 (1957). 


Ageing of Amoeba proteus and 
A. discoides Cells 


WueEn placed in culture with an unlimited supply 
of Tetrahymena as food organisms, Amoeba proteus 
and A. discoides grow in logarithmic fashion, and the 
life-span of any clone appears to be unlimited. 

We have recently found that when amoebae are 
grown using Tetrahymena (or other food organisras) 
as @ source of food, but with a reduced supply of 
Tetrahymena, it is possible to keep the animals in 
the state in which they neither grow nor diminish 
in size, and in which no cell division occurs. After 
a period of some weeks on this maintenance diet, 
a clone appears to have changed in character. When 
the animals are restored to an unlimited diet which 
would previously have permitted unlimited growth 
in logarithmic fashion, the original behaviour of the 
animals is not restored, but instead the life of a clone 
appears to be reduced to something of the order of 
six to nine months. Any group of animals which 
has been submitted to this change appears to consist 
of two types. The most common type are those which 
divide periodically into two cells, only one of which 
is viable. After a few days one of the daughter cells 
dies, but the remaining cell will grow and divide 
again. Each time division occurs, one daughter cell 
dies. This process may continue for many months, 
but eventually a time arises at which both daughter 
cells die. Thus these individuals have been changed 
from being apparently immortal and capable of 
unlimited bimary fission into the equivalent of stem- 
line cells. 

The second type of cell which is found after a 
period on maintenance diet is capable of dividing 
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by equational binary fission to give two viable 
daughter cells. These cells continue to multiply but 
at a slower rate than control organisms which have 
never been exposed to a maintenance diet. After 
some months all the cells which have been derived 
by division after restoration to the growth diet 
suddenly commence to die, and death of all the 
individuals concerned occurs within a few weeks. 

Thus, as a result of an apparently simple change 
in the conditions of life of the animal, an apparently 
immortal clone can be changed to a clone with a 
fairly well-defined life-span. There are many possible 
explanations of this phenomenon. Of these, four will 
be mentioned here: (1) The change in supply of 
food available to the organism may result in the 
setting up of an alternative stable homeostatic 
organization of the animal which carries with it the 
necessity for a limited life-span. (2) During the 
period on restricted diet there may be a failure to 
duplicate, or faulty duplication of some essential organ; 
for example, the centrosome may be defective. 
(3) During the period of growth prevention, muta- 
tions may occur which accumulate to a sufficient 
extent to be fatal afterwards. (4) During the period 
of growth prevention, toxic or waste substances of 
internal origin may accumulate within the organism. 

It is not possible to decide between these and other 
alternative explanations with the evidence available 
at the moment. 

AUDREY MUGGLETON 
J. F. DANIELLI 


Zoology Department, 
King’s College, 
London, W.C.2. 

May 14. 


Bactericidal Activity of Macrophages 
in vitro against Escherichia coli 


In spite of the strong evidence for an important 
role of macrophages in vivo, in protecting the animal 
host against infections, there has been no conclusive 
demonstration of bactericidal activity by macro- 
phages in vitro. Several workers in recent years have 
studied the interactions between tubercle bacilli and 
macrophages from rabbits or guinea pigs surviving 
in tissue culture’. Interpretation of their results is 
made less certain by the presence of antibiotics in 
the medium, but all agree in finding little or no 
bactericidal activity by macrophages against tubercle 
bacilli under their conditions. 

In the present work an attempt has been made to 
study quantitatively bactericidal activity in vitro of 
mouse macrophages against Escherichia coli. The 
use of antibiotics has been avoided, with the dis- 
advantage that any extracellular bacteria could grow 
rapidly in the tissue culture medium, thus limiting 
the time for studying the interactions in the system 
to a few hours. The method used was as follows. 
Mice of the Carworth strain were killed, the abdominal 
skin resected and 1-5 ml. of tissue culture medium 199 
containing 5 1.U. heparin/ml. was injected intra- 
peritoneally and withdrawn within a few seconds. 
The suspension from one mouse was squirted slowly 
into a small Porter flask containing a glass ‘flying 
coverslip’ of standard size. The cell numbers were 
usually more than 105/ml. and macrophages accounted 
for approximately 90 per cent of the cells. After 
1 hr. at 37°C. the flasks were infected by adding 
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Fig. 1. Rate of whasneytesis in macrophages: a, EZ. coli 2206 + 
erum; 6, E. coli 2206 alone 





0-05 ml. of bacterial suspension (1—5,000 organisms 
E. coli 2206) in either medium 199 or medium 199 + 
50 per cent horse serum, previously heated at 56° C. 
for 20 min. At intervals after infecting a series of 
flasks in this manner, one was removed from the 
incubator, cooled in ice and the distribution of viable 
bacteria determined. For this purpose an aliquot 
of the supernatant fluid in the flask was plated on 
nutrient medium and the flying coverslip was re- 
moved aseptically with forceps, washed in sterile 
saline, inverted on a plate of solid medium and rubbed 
around vigorously with a strong platinum loop. In 
this way an approximation was obtained to the 
rates of phagocytosis of untreated and serum-sensitized 
bacteria. The curves in Fig. 1 represent, of course, 
only the viable phagocytosed bacteria and give no 
information about the rates of any intracellular 
bactericidal activities. To obtain information on this 
point, two series of flasks were prepared with macro- 
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Fig. 2. Bactericidal activity of mouse macrophages: a, E. coli 
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phages, infected as above and incubated at 37°C. 
for 40 min. to allow some phagocytosis to occur. 
At this time, all the flasks were removed and cooled 
in ice, the supernatant medium was removed and 
the infected cells adhering to the glass were washed 
twice with ice-cold medium 199 to remove most of 
the extracellular bacteria. The flasks containing 
these infected macrophages, covered with 1 ml. of 
fresh medium 199, were rapidly warmed to 37°C. 
and placed in the incubator. At the start, and at 
timed-intervals thereafter, flasks were removed, cooled 
in ice and the flying coverslips removed aseptically 
for viable counts as described above. 

Fig. 2 illustrates the extremely rapid bactericidal 
activity shown by mouse macrophages against FZ. coli 
2206 which have been pretreated with heated horse 
serum. By contrast untreated bacteria, although 
phagocytosed to some extent, are not killed at all, 
and in fact proliferate inside the macrophages at an 
extremely rapid rate. The horse serum alone was 
non-bactericidal, and macrophages alone are seen to 
be similarly ineffective, but a combination of the two 
results in a highly antibacterial system. So far as 
I am aware this is the first time that a serum factor 
has been shown to be necessary for effective intra- 
cellular killing of phagocytosed bacteria. 

I am indebted to Prof. Sidney Raffel, professor 
of microbiology at Stanford University, California, 
in whose department this work was carried out. 

D. RowLEy 


Wright—Fleming Institute of Microbiology, 
St. Mary’s Hospital, 


London, W.2. 
April 18. 
a * J. Exp. Med., HS (1958). Mackaness, G. B., Amer. 
Tuberc., "69, 495 (19 


Special Conditions in Normal and 
Tumorous Nuclei 


In the cells of some spontaneous tumours, namely, 
subcutaneous sarcomas in Barbus phutunio, Hyphesso- 
brycon scholzei and Lacerta viridis and also adeno- 
carcinomas of the kidney and of the skin in 
Aplocheilichthys macrophthalmus and Triturus cristatus 
karelinii, respectively, a special condition of the inter- 
phase nucleus was observed. 

After fixation of the tumour tissue with Zenker’s 
fluid with acetic acid), aleohol/formalin/acetic acid 
or sublimate/acetic acid, phase contrast and exam- 
ination with polarized light revealed abnormal nuclei, 
containing besides the common nuclear components 
refractile elements of the nuclear sap, fine refractile 
granules, coarse acidophilic granules and birefringent 
crystals. 

Histologically these elements were investigated for 
their content of protein, lipid, polysaccharide and 
nucleic acid*® (Table 1). 


Table 1, THE CHEMICAL CONSTITUTION OF THE COMPONENTS OF THE 
ACIDOPHILIC-REFRACTILE NUCLEI 








Refractile Fine Coarse Bire- 
elements of refractile acidophilic | fringent 
Substances | the nuclear granules granules crystals 
sap 
Protein Present Probably Present Present 
present 
Lipid Probably Cannot be Probably Present 
not present | determined | not present 
Poly- Absent Cannot be Absent Absent 
saccharide determined 
Nucleic acid | Absent Cannot be Absent Absent 
determined 
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This special condition of the interphase nucleus 
was also found in normal liver and kidney cells of 
the species mentioned above, the difference being 
that the frequency was considerably lower than in 
the tumour tissue. 

Good agreement was found between the special 
condition of the interphase nucleus in these cases 
and those described by Green® in tissues of man, 
rabbit, hamster, mouse and frog. Green also men- 
tioned acidophilic-refractile nuclei. 

Concerning the nature of the special condition of 
the interphase nucleus, Green* stated three possi- 
bilities: (1) the condition may be involved in a 
pathological process, such as the development of 
tumours; (2) the condition may be the visible 
expression of a more general type of a pathological 
response, or be due to a special infective agent ; 
(3) the condition may represent an accumulation of 
normally occurring substances. 

In our cases of tumours in lower vertebrates the 
special nuclear condition was «observed, without 
exception, in a fair percentage cf the tumour cells, 
whereas in the normal tissues of the liver and the 
kidney only a few nuclei showed this condition. 
Consequently, we are of the opinion that in our cases 
the special nuclear condition is probably involved 
in the process of tumour development. 


A. SToik 


Histological Laboratory, 
Free University, 
Amsterdam. 
March 28. 
1 Opie, E. L., J. Exp. Med., 84, 91 (1946). 
* Serra, J. A., Stain Tech., 21, 5 (1946). 
* Green, E. U., Cancer Research, 9, 267 (1949). 


Polyploidy in Yeasts 


In addition to the four strains of Saccharomyces 
cerevisiae and one strain of Saccharomyces delbrueckit 
that form asci with more than four spores per ascus', 
I have found eight other strains of Saccharomyces 
cerevisiae that are able to form asci with five, six, 
seven, eight and nine smooth, round ascospores. 
One of these strains was obtained some years ago 
from Seagram’s collection in the United States. 
The other seven strains were recently isolated (one 
from barley grains, another from prickly pear and 
five from wine). The shape, size and germination 
pattern of the spores seem to indicate that the 
ascospores from multispored asci are haploid. There 
is thus considerable experimental evidence for the 
natural occurrence of polyploid yeasts. 

There is also evidence that the formation of poly- 
ploid cells takes place in at least two ways: by 
direct copulation of diploid yeasts and by conjugation 
between mother cell and one or more buds. 

A comparative study of the factors involved in 
the formation of the multispored asci has suggested 
the following tentative conclusion: (a) Although it 
is extremely difficult to present evidence that the 
multisporulation is strictly specific in Saccharomyces 
strains, it seems probable that specificity plays an 
important part. (b) The ability to form multispored 
asci is not Jost when the strain is cultivated in the 
laboratory for a long period of time, although this 
characteristic may be diminished. (c) At 25°C. the 
asci are formed after three days, and their number 
increases slightly during a period of one month. At 
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Ascus with 
rom Kleyn medium + 0-1 per cent serine, 


Fig. 1. 
eight ascospores. 
after 20 days at 25°C. Unstained. 


Fig. 2. Saccharomyces cerevisiae, strain V7'1-2. Asci with two 
and nine ascospores. From Kleyn medium + 0-25 per cent 
glycine, after 5 days at 25°C. Unstained. x 2,000 


Fig. 3. Conjugation of two diploid cells of Saccharomyces 
delbrueckii. From Kleyn medium + 0-1 per cent serine, after 
5 days at 25°C. x 2,000 


cee nd cerevisiae, strain VT7'1-2. 


x 2,000 


17° C., ten days are needed for the formation of the 
asci and during a period of +»7o months their number 
increases slightly. (d) There is evidence that sodium 
acetate is indispensable. Serine and glycine and 
presumably other amino-acids, as well as glucose or 
glycerol, are stimulating factors. 

Thus it appears that the classical definition of 
the subfamily Saccharomycetoideae and the genus 
Saccharomyces needs revision. 

A detailed account of this work, which was sup- 
ported by a grant of the March Foundation, will be 
published elsewhere. 


JuAN Santa Maria 


Seccién de Bioquimica, 
Instituto Nacional de Investigaciones Agrondémicas, 
Madrid. 
April 22. 


1Santa Marfa, J., J. Bact., 74, 692 (1957); Bol. Inst. Nac. Inv. 
Agronémicas, 17, 231 (1957). 
* Kleyn, J. G., Wallerstein Lab. Com., 17, 91 (1954). 


Changes in the Dry Weight and the 
Deoxyribonucleic Acid Content of Proteus 
vulgaris caused by Penicillin 


Bontras' succeeded in stopping the lysis of the 
so-called ‘large bodies’ of Proteus vulgaris by increas- 
ing the osmotic value of the nutritive medium, and 
Gale? found that penicillin blocks the synthesis of 
high polymers, causing an accumulation of poly- 
peptides of low molecular weight and mononucleotides 
in the cell, which is accompanied by the increase in 
its osmotic value. On the basis of his own experi- 
ments and those of Gale, Bonifas concluded that the 
formation of the large body is caused simply by 
intake of water. Consequently, it is to be regarded as 
a plasmoptysis, in the course of which the protoplast 
leaving the cell gives rise to the large body. 

Other authors are of the opinion that the formation 
of the large body is a growth process ; this question, 
however, has not been experimentally investigated 
so far’. 

In this work, 18-hr. cultures of Proteus vulgaris 
were inoculated into serum broth with 2,000 units 
penicillin/ml. At 0, 2, 4 or 8 hr. samples were taken 
for determination of the dry weight; the deoxy- 
ribonucleic acid content‘; and the cell count (in the 
counting chamber). The results of eleven experi- 
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Table 1 

















Control culture Culture with penicillin 
| Hours after inoculation 0 2 + 0 2 4 
| Dry weight per 10 ml. (proportion of original 
| value - 2530-7 3640-6 — 2140-4 2-7 +0-7* 
Dry weight per cell (gm. x 107**) 29+03 18+0-2 16 +03 29403 71412 7742-1 
Dry weight per cell (proportion of original value) -- 0-6 +0-2 0-56 + 0-2 = 23+0°4 25+0°7 
Deoxyribonucleic acid per 10 ml. (proportion of 
original value) oe 32+0-6 6442-2 2:‘74+1°-1 4-7 + 1-6* 
| Deoxyribonucleic acid per cell (gm. x 1071) 51 + 6-0 45+9-0 41+50 51+ 6-0 154 + 66 212 + 90 
| Deoxyribonucleic acid per cell (proportion of S 
original value) —_ 08 + 0-2 0-8 +0-18 — 21+0:1 2°38 + 0-2* 
| Deoxyribonucleic acid (percentage of dry weight) 1°8 2°5 2-56 1°8 22 2°75 
Cell count per ml. (proportion of original value) —_ 42+0-9 75416 — 0-94 + 0:09 1:17 + 0-15* 




















oP < 0°05. 


ments (deoxyribonucleic acid being determined in the 
last six) are summarized in Table 1 and Fig. 1. From 
these results we conclude that the synthesis: of 
deoxyribonucleic acid is not inhibited by penicillin. 
An increase of deoxyribonucleic acid in relation to 
the dry weight can be observed. 

The increase in dry weight, which after the first 
two hours is practically the same as that in the 
control, is only later slowed down as compared with 
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Fig. 1. Changes in dry weight (A); deoxyribonucleic acid (O) 
content; and cell count/ml. (@) in P. vulgaris brought about by 

. suspension; B, in a single cell. Control 
); experimental curves (---—) 


penicillin. A,in 10 m 
curves ( 








the control. Synthesis of deoxyribonucleic acid 
between the second and the fourth hour is not stopped 
but goes on as shown by the statistically significant 
differences in Table 1. A further synthesis of deoxy- 
ribonucleic acid was also confirmed by investigating 
the incorporation of phosphorus-32 added to the 
culture of large bodies 2 hr. after the start of the 
experiment. It was shown that the incorporation of 
radiophosphorus into deoxyribonucleic acid was 
practically the same in both the test culture and the 
penicillin-free control. 

While the total deoxyribonucleic acid increases 
nearly linearly from 0 to 4 hr., that of the single cell 
apparently does not increase regularly. In our view, 
this can easily be explained by the fact that the 
large bodies do not continue to grow, but disintegrate 
into small globules after reaching a limit. An in- 
crease in the number of large bodies between 2 and 
4 hr. was observed in most experiments. 

It is necessary to compare these results with those 
of Kandler, Miller and Zehender®. These workers 
studied respiration, and the synthesis of nucleic acids 
and protein nitrogen in Proteus vulgaris (strain 52) 
exposed to penicillin added 30 min. or 5 hr. after 
inoculation. They found that the respiration is not 
affected by the penicillin, particularly in the latter 
case. So far as synthesis of nucleic acids is. concerned 
a change of the ratio ribo-/deoxyribo-nucleic acid 
in favour of the latter takes place, resulting in an 
increased amount of deoxyribonucleic acid per mgm. 
protein nitrogen. According to the authors, these 
results are due to the fat synthesis of deoxyribo- 
nucleic acid being less inhibited than that of ribo- 
nucleic acid and protein. The increase is thus only 
relative. With regard to the chromatin bodies, 
which are very numerous in large bodies, the authors 
consider that they arise through disintegration of 
the original chromatin bodies present in the rods. 
The difference between these results and ours is 
probably due to the fact that we have been working 
with the strain of Proteus vulgaris producing peni- 
cillinase*, whereas strain 52 does not produce this 
enzyme’. It is conceivable that the rate of metabolism 
of the strains not producing penicillinase is lower, 
due to the conditions not being favourable for the 
regeneration of the bacillary form. Besides this we 
were working with an 18-hr. culture, whereas Kandler 
and co-workers used cultures less than 5 hr. old. 
The main difference is, however, that our 18-hr. 
culture was transferred to the fresh medium contain- 
ing penicillin, whereas Kandler and co-workers added 
penicillin at the beginning of the stationary phase, 
that is, when the metabolic processes of the cells 
are on the decrease. 

We believe that penicillin interferes primarily with 
the biosynthesis of the cell wall®.*, and that its 
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influence on the synthesis of protein and nucleic 
acids is of secondary importance. Finally, we 
assume that the formation of large bodies is not 
osmotic but an active growth process. 


M. V. Nermvut 


Department of Biology, 
Medical Faculty, 
Masaryk University, 
Brno. 
V. DrAsim 
Institute of Biophysics, 
Czechoslovak Academy of Science, 


Brno. 
April 16. 
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Growth of Meningopneumonitis Virus 
in Normal and Immune Guinea Pig 
Monocytes 


RENEWED attention has been focused on the role 
of cellular resistance to microbial infection, with 
particular emphasis on both the fate of the organisms 
and the monocytic phagocytes grown together in 
vitro'->. The use of mononuclear cells constitutes a 
level of cellular resistance at which fundamental 
host—parasite relationships can be examined. Accord- 
ingly, Mycobacterium tuberculosis', Brucella abortus‘, 
poliovirus®, and vaccinia virus*, among others, 
proliferate in normal monocytes ; however, only a 
few studies showing suppressed proliferation in 
immune monocytes have been made in systems in 
which the monocyte population has been adequately 
controlled®.*. 

The experiments reported here were concerned with 
the multiplication of meningopneumonitis virus in 
normal guinea pig monocytes, and in monocytes 
obtained from guinea pigs infected with psittacosis. 
Except for minor modifications, we employed 
similar techniques to those described by others*.‘. 
In some experiments the monocytes from the 
peritoneal exudate were trypsinized® to obtain a 
stable cell population; however, a _ considerable 
number of the cells were clumped by this treatment. 
Some of the cultures prepared thus had greater 
survival potentials than untrypsinized cells*. The 
cells were suspended in 60 per cent Hank’s solution 
and 40 per cent homologous or autologous serum. No 
increase in cell survival was noted with Tyrode’s 
solution®. To each ml. of monocytes (10'/ml.) was 
added 0-1 ml. of allantoic fluid meningopneumonitis 
virus (LD5) 3-5-6-0). In this culture system an 
infecting inoculum below an LD50 of 3-5 gave 
poor virus yields. The cell-virus suspensions were 
cultured in Porter flasks containing flying cover- 
slips‘. 

No strixing cytopathogenic effects were seen in 
either normal or immune cell cultures observed for 
5 days. Virus particles were abundant in the cyto- 
plasm of normal cells, approximately 12 hr. after 
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Fig. 1. Multiplication of meningopneumonitis virus in normal 


and immune guinea pig monocytes: A, normal monocytes, 
supernatant fluids not changed; B, normal monocytes, super- 

C, immune monocytes, supernatant 
fiuids not changed 


natant fluids changed ; 
infection. No evidence of monocytic destruction 
was seen even after several days. This is in contrast to 
results obtained with monocyte cultures infected with 
Brucella abortus, in which after 2-3 days the monocytes 
became so packed with bacteria that many of them 
were disrupted‘. Virus growth in normal monocytes 
is represented in Fig. 1, A and B. For the first 10—20 hr. 
the extracellular virus concentration was approxi- 
mately the same as the virus survival curve (virus + 
supernatant without cells). After this time, variable 
amounts of virus were detected, followed by a 
sudden increase in extracellular virus after 30-40 
hr. of incubation. Virus adsorption occurred 
within the first 10 hr. Intracellular virus was 
released by lysing the monocytes with distilled 
water for 1 hr.; virus viability was not affected 
by this treatment. Intracellular virus increased at 
about the same time or slightly before the sudden 
rise in extracellular activity. Although the monocyte 
counts decreased by 40-70 per cent during the 
first 24 hr., populations were stable by 48 hr. 
Approximately !0-25 per cent of the trypsinized 
cells degenerated during the first 24 hr., and 
thereafter the population was stable. Increasing 
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virus concentrations were observed repeatedly during 
the period when the monocyte counts were constant ; 
thus, virus was detected throughout the entire 
growth-curve, and in no cultures was a completely 
dark (non-infectious) phase observed. Although 
this finding was contrary to the chick embryo fibro- 
blast—-meningopneumonitis virus system’, support 
was given to the thesis that these agents might 
multiply by binary fission and are devoid of a non- 
infectious growth phase*. Similar growth-curves 
were obtained with normal rabbit monocytes ; 
however, virus yields were consistently lower. 

Fig. 1C shows that immune guinea pig mono- 
cytes suppressed virus multiplication, although 
virus proliferated in the normal controls. Three 
guinea pigs infected with psittacosis virus yielded 
cells which completely suppressed multiplication, 
and two infected guinea pigs provided cells which only 
partially suppressed it. In the later cultures, intra- 
and extra-cellular virus yields were approximately 
10-100 L.D50’s less than the normal control monocyte 
yields. The participation of serum factors was not 
evident, since psittacosis antibody has poor neutra- 
lizing ability, and since normal cells bathed in 
immune serum failed to exert this effect. Further- 
more, virus adsorption was not inhibited (Fig. 1C) ; 
apparently, suppressed multiplication occurred intra- 
cellularly. 

There was a close resemblance between the growth 
characteristics of meningopneumonitis and _ polio- 
virus’ in monocytes in regard to the continuous 
release of particles without a generalized cytopatho- 
genic effect. If an analogous situation occurs in 
vivo, psittacosis or meningopneumonitis viruses 
might multiply abundantly in the reticulo-endothelial 
elements of the normal susceptible animal. Also, 
the absence of marked monocyte degeneration, and 
suppression of virus growth by immune monocytes, 
were similar to that recorded for the Brucella abortus — 
guinea pig monocyte system‘. In contrast, immune 
rabbit monocytes failed to suppress multiplication 
of Brucella melitensis 72 hr. after parasitism® and 
immune monocyte degeneration was inhibited with 
either homologous or heterologous (M. tuberculosis) 
antisera®. These differences are not readily explainable 
at this time. Attempts to determine characteristics 
of the mechanisms responsible for suppressed 
meningopneumonitis virus multiplication by immune 
macrophages are being made. 

This study was supported by funds provided by a 
research grant (H-1217) from the U.S. Public Health 
Service. 
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Inhibition of the Development of the Barley 
Spike by Gibberellic Acid 


ALTHOUGH recent reports on the effects of gibberel- 
lic acid have dealt almost entirely with growth 
stimulation, attention was originally drawn to the 
compound because of its inhibitory as well as its 
stimulatory effect. Stowe and Yamaki! reported 
references dealing with sterility resulting from 
infection by the fungus Gibberella fujikurot (which 
produces the acid) but there has been no attempt to 
identify it with this type of effect. 

Evidence of an inhibitory influence of gibberellic 
acid on spikelet development was obtained with two 
varieties of barley (Greenough and Atlas 46, kindly 
supplied by Dr. K. Findlay, Waite Institute) grown 
under greenhouse conditions. The plants were 
sprayed weekly with 10, 50 or 250 ugm. of gibberellic 
acid (obtained from Imperial Chemical Industries, 
Ltd.) per plant in a freshly prepared water-detergent 
solution. The treatment commenced eight days after 
germination and was continued for nine weeks. 
Control plants were maintained under identical 
conditions. 

At the end of this period the major effect was a 
general inhibition of growth increasing in severity 
with dosage. The development of the floral organs 
on many of the heads of plants treated with the higher 
levels of gibberellic acid was markedly inhibited. In 
extreme cases the floral organs were greatly reduced 
in size and awn development was completely inhibited 
(Fig. 1b). These heads developed no further after 
emergence from the sheath, and the majority became 
senescent a short time after emergence. Other heads 
showed less severe inhibition: awns were present but 
were shorter than normal, secondary floral organs 
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Fig. 1. Comparison of heads on Greenough and Atlas 46 barley 

plants treated with gibberellic acid and normal plants. (a) Green- 

ough control; (6) Greenough spike showing severe spikelet 

inhibition ; (c) Atlas 46 control; (d) Atlas 46 plant with one 

head exhibiting slight awn abnormalities and two heads showing 
partially formed sterile spikelets 
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Table 1. EF¥recT OF GIBBERELLICO ACID ON THE DEVELOPMENT OF 
THE BARLEY SPIKE 
Gibberellic No. of heads 
acid No, | 
Variety treatment of Degree of spike 
Gent plants | Total inhibition* 
plant/wk.) | wpe 
1o| +] ++ | +++ 
Greenough 0 4 19 | 19 } 
10 5 7 | 7 | 
50 5 11 3 5 | 3 
250 5 12 Re oe Gee 
| Atlas 46 0 6 | 80 | 80 
10 6 91 | 90] 1 
50 6 47 33 9 4 1 
| 250 5 62 2/10 20 30 














* See text for description of categories 


were well developed, but many of the spikelets were 
sterile (Fig. ld). A higher proportion of heads on 
treated plants than on controls was trapped on 
emergence, the tips of the inflorescences being 
retained within the leaf sheaths. Several slightly 
affected heads showed an abnormal elongation of the 
rachis, particularly between the first and second 
spikelets, whereas rachis development on severely 
affected heads was inhibited. 

Spikelet development was arbitrarily classified 
into four categories (Table 1): normal, 0; slight awn 
abnormalities and/or rachis elongation, + ; spikelets 
partially to well-formed but sterile, ++; severe 
inhibition of spikelet development, +++. 

It may be seen from Table 1 that the incidence of 
abnormality was correlated with the level of treat- 
ment. Both varieties showed little or no change in 
spike development as a result of treatment with 
10 wgm. gibberellic acid per week treatment. 
Greenough responded to the higher doses by producing 
no normal heads. Atlas, on the other hand, continued 
to produce normal heads at all dosage-levels, 
although the number decreased markedly as the 
level applied was increased. It was also observed 
that in both varieties, the degree of inhibition 
exhibited by individual heads on the same plant 
varied considerably. This variation ranged from 
plants on which only one head was extremely inhibited 
to plants on which all of the heads were severely 
affected. 

LESLIE PALEG 
Donatp ASPINALL 


Department of Plant Physiology, 
Waite Agricultural Research Institute, 
Adelaide, Australia. 
April 11. 
1 Stowe, B., and Yamaki, T., “Ann. Rev. Pl. Physiol.”, 8, 131 (1957). 


Interaction between Indole-acetic Acid 
and Gibberellic Acid in Cambial Activity 


Ir has been reported that spraying spur-shoots of 
apricot with gibberellin stimulates cambial activity 
and leads to increased xylem development*. On the 
other hand, it is well known that indole-acetic acid 
stimulates cambial activity*. These observations 
raise the question as to what are the relative roles 
of this acid and native gibberellins in normal cambial 
activity. This problem has been investigated in the 
following experiments. 

These were carried out with one-year pot-grown 
seedlings of sycamore (Acer pseudoplatanus) and 
with isolated shoots of poplar (Populus nigra v. 
italica) and ash (Fraxinus excelsior). The shoots of 
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the two latter species were collected in early March, 
at which time the buds showed no visible swelling, 
and were stored at 0—-5° C. until required. For each 
experiment, the shoots were cut to a length of 
approximately 20 cm., disbudded, and stood with 
their bases in 2-4 cm. of water. “The dormant 
sycamore seedlings were similarly disbudded and 
were allowed to remain in their pots. Indole-acetic 
acid and gibberellic acid were applied separately 
and in combination to the upper ends of the stem 
pieces in the form of hydrous lanoline preparations at 
the following concentrations: indole-acetic acid, 
0-5, 0-1 mgm./gm. ; gibberellic acid, 1-0, 0-5 mgm./ 
gm. The lanoline preparations were renewed at 
intervals of 5-7 days. Any adventitious buds 
formed were removed as they appeared. 

Samples of the treated shoots were removed and 
sectioned by hand at intervals of 7-21 days from the 
commencement of treatment. Similar results were 
obtained for all the species tested, but the results 
will be described in detail only for sycamore. As 
expected, the application of indole-acetic acid resulted 
in the formation of a narrow zone of new xylem, 
with lignified vessels (Fig. 1), whereas the ‘control’ 
shoots (treated with lanoline only) produced no new 
wood. The shoots treated with gibberellic acid alone 
produced a zone of new tissue, but this consisted of 
small, unlignified cells, and there was no sign of any 
vessels. In the shoots treated with both indole-acetic 
and gibberellic acids a wide zone of new wood was 
formed, consisting of fully lignified vessels, with 
intervening fibrous tissue (Fig. 1). This zone of new 
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Fig. 1. Effect of ap spplying ( (a) gibberellic acid alone, () | indole- 


acetic acid alone and (ec) gibberellic acid and indole-acetic acid, 

to disbudded shoots of Acer p: latanus. Note the wide 

zone of new wood formed by the latter treatment. Concentrations 

used: indole-acetic am, 0-5 mgm./gm. lanoline; gibberellic 
acid, 1-0 mgm. /gm. lanoline 
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wood was much wider than the corresponding zone 
in the shoots treated with indole-acetic acid alone, 
and approximated very closely in structure to that 
of normal wood. 

In all species, the development of callus at the cut 
upper surfaces of the shoots was stimulated by indole- 
acetic acid, indole-acetic + gibberellic acids, and 
to a lesser extent by gibberellic acid alone; the 
development of callus was very marked in poplar. 

It is apparent from the foregoing results that 
treatment with gibberellic acid, in the absence of 
exogenous indole-acetic acid, can stimulate division 
of the cambium, but that the derived cells undergo 
little vacuolation or lignification, so that typical xylem 
is not formed. Exogenously applied indole-acetic acid 
alone results in a certain amount of cambial division, 
associated with vessel formation and lignification. 
When both indole-acetic and gibberellic acids are 
applied simultaneously the formation of new xylem is 
greatly stimulated, the effect of the gibberellic acid 
apparently being to stimulate cambial division and 
that of indole-acetic acid to cause vacuolation and 
lignification of the resulting cambial derivatives. It 
is possible that when indole-acetic acid alone is 
applied, there is a synergism between this substance 
and a small amount of endogenous gibberellin within 
the stem. If this is so, then it would seem that the 
primary effect of indole-acetic acid on xylem develop- 
ment is to cause differentiation rather than cambial 
division. Thus, normal xylem development would 
seem to involve the interaction of both endogenous 
indole-acetic acid and some native gibberellin. The 
possible effect of gibberellic acid on phloem develop- 
ment is being further investigated. 
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Spirodela polyrrhiza: the Link between 
the Aroids and the Duckweeds 


THe duckweeds have intrigued many generations 
of botanists because of their small size (they include 
the world’s smallest flowering plants) and apparent 
simplicity of structure. About a century ago, Engler?, 
on the basis of his study of external morphology of 
Spirodela (Fig. 1A), suggested that the duckweeds 
have evolved from the aroids and that Spirodela 
links the aroids with the rest of the Lemnaceae. 

The above alliance has been accepted by most 
taxonomists. | However, it has recently*-* been 
suggested that the real ancestors of the Lemnaceae 
ate the Helobiales and not the aroids. I have 
already expressed my disagreement with this view’ 
and am now in a position to add further evidence in 
favour of the classical Araceae—Lemnaceae alliance 
on the basis of an embryological study of 
Spirodela. 

In the Araceae the embryo sac development is 
monosporic*,’. Usually megaspore tetrads are formed, 
but occasionally triads may occur as the result of 
an omission of meiosis II in the micropylar dyad. 
On the other hand, in the Lemnaceae—as represented 
by L. minor’, L. paucicostata®, Wolffia arrhiza® and 
W. microscopica\—the development is bisporic. The 
embryo sac of Spirodela polyrrhiza alone is mono- 
8poric. The first division of the megaspore mother 
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Fig. 1. A, Outline sketch of a frond of Spirodela 
showing position of flowers (x 8); B, 1.s. ovule showin; 


hiza, 
mega- 
spore mother cell (x 340); C, (x me & D, telop! II 
in chalazal dyad cell (x 530); #, ‘triad’; F, bi-nucleate 
embryo sac (note degeneration of non- ctional dyad and middle 
megaspore) (x 530); G and H, stages in endosperm develop- 
ment (note prominent chalazal endosperm chamber with hyper- 
trophied nucleus, dense cytoplasm and degenerating anti q 
cc, chalazal endosperm mo ; me, micropylar chamber 

x 


cell results in two dyad cells of which the micro- 
pylar degenerates (Fig. 1 B-D). The lower dyad 
cell divides again and the chalazal megaspore 
continues through the two-, four- and eight-nucleate 
stages to the formation of the mature embryo sac 
(Fig. 1 D, £). 

Both groups of plants, including the genus Spiro- 
dela, have cellular endosperm. I have already shown 
the incorrectness of the reports of Helobial endo- 
sperm in the Lemnaceae*.".1*; but what is really 
significant is that in the development of its endo- 
sperm, Spirodela occupies a position which is inter- 
mediate between the Araceae and Lemnaceae (Fig. 
1 G, H and Fig. 2). In the aroids (for example, 
Arisaema, Pistia) the first division of the primary 
endosperm nucleus cuts off a chalazal chamber, 
which does not divide any further but transforms 
itself into a large aggressive haustorium, contain- 
ing a hypertrophied nucleus and abundant extra- 
nuclear chromatin fragments distributed through- 
out the cytoplasm. The latter occasionally give 
rise to accessory ‘nuclei’. In the majority of the 
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Fig. 2. Diagrammatic sketches comparing megasporogenesis and 
endosperm development in the Araceae and Lemnaceae. The dark 
mass at the ene end represents the embryo and the 


e sequence of wall formation; 6a denotes 


numerals indicate t 
basal apparatus 


Lemnaceae, on the other hand, the chalazal endo- 
sperm chamber continues to divide and becomes 
four- or eight-celled before it degenerates. Although 
named a cecum, its haustorial activity is not so 
pronounced. In Spirodela, however, the chalazal 
endosperm chamber remains undivided and shows 
an unmistakable tendency towards aggressiveness 
as indicated by hypertrophy of the nucleus, the 
presence of extranuclear chromatin fragments and 
occasionally of an accessory ‘nucleus’. This condition 
is almost identical with that in the aroids, although 
the basal apparatus is rather small as compared to 
that of plants like Arisaema, Calla and Peltandra. 

In this communication only megasporogenesis and 
endosperm have been taken into account because it 
was largely on the basis of these criteria that doubts 
have been raised about the affinities of the aroids 
and the duckweeds. Until recently, the Lemnaceae 
were considered to possess a bisporic embryo sac 
and Helobial endosperm, as against the monosporic 
embryo sac and cellular endosperm of the Araceae. 
It is now clear that this is not the actual position. 
My studies show that apart from the similarities 
between the Araceae and the Lemnaceae in both 
megasporogenesis and endosperm development, the 
genus Spirodela constitutes a connecting link between 
the aroids and the duckweeds. 

It is remarkable indeed that Engler could correctly 
diagnose the relationship between Spirodela and the 
aroids on the basis of vegetative morphology alone. 
The present study not only supports his contention, 
but alsc shows that the affinities are really much 
closer than he suspected. 

I wish to thank Dr. B. M. Johri and Prof. P. 
Maheshwari for encouragement and help, and also 
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Mr. D. M. Sonak for making copies of my original 
drawings for reproduction in this communication. 
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Occurrence of Fusarium culmorum 
(W.G.Sm.) Sacc. in the Rhizosphere of Oats 


As a result of the techniques employed, many of 
the studies on the occurrence of fungi in rhizospheres 
have been restricted to considerations of the soil 
adjacent to roots (rhizosphere soil) as a uniform 
microhabitat from crown to tip of the root system. 
Although this may be valid for young roots it is 
unlikely to be so for older roots, where very different 
rhizosphere effects will operate at the tip from those 
exerted at the crown. The aim of ecological studies 
on the rhizosphere mycoflora should be to provide 
information comparable to that given by Harley and 
Waid! in their study of mycofloras of the surfaces 
of beech roots. 

In the present investigation detailed studies on 
the fungal components of the rhizosphere microflora 
of oats have revealed marked qualitative changes in 
the fungi occurring with increasing age of the roots 
and at different positions in the rhizosphere (namely, 
from tip to crown). One of the most striking features 
of these studies has been the demonstration of an 
increase in the frequency of Fusariwm culmorum 
in the rhizosphere with increasing age of the oat 
plants. 

Fungi were isolated from three positions in the 
rhizosphere (root-tip zone, crown zone and a zone 
intermediate between tip and crown) at 40, 90, 120, 
140 and 180 days after germination of the oat grain. 
The plants were grown in a mixed garden loam. 
Fungi were isolated by the soil plating and soil box 
techniques’, which make possible observations of the 
changes in the fungal population of a rhizosphere 
accompanying increasing age of the roots. 

Table 1 shows results on the occurrence of 
Fusarium culmorum, Fusarium avenaceum (Fr.) Sacc., 
and other Fusarium species. From these results it 
can be seen that there is a marked increase in the 
numbers of isolates of Fusaria, and in particular 
Fusarium culmorum, with increase in age of the oat 
roots. Also it is clear that this increase is most 
rapid in the crown zone and least rapid in the tip 
zone. 

It is suggested that the increase in the frequency 
of occurrence of Fusaria is an effect of the increase 
in the amount of dead root material as senescence 
is approached. Other workers*.* have demonstrated 
that Fusarium species, and particularly Fusarium 
culmorum, are rapid colonizers of freshly dead organic 








— SS] SC lS 


eT. oO we aS” OCU OU CéiP 


ga FS aS VY 


w & 


Oo OM 2 « 


ee emo OS were Oo cre * 


OQ 














No. 4625 






June 21, 1958 


Table 1. 


NATURE 1747 


OCCURRENCE OF SPECIES OF Fusarium IN THE THREE RHIZOSPHERE ZONES (TIP, INTERMEDIATE AND CROWN) AT DIFFERENT STAGES 
IN THE LIFE OF THE OAT PLANTS 


(Figures represent frequency of occurrence expressed as percentage of total number of isolates) 


























/ | 
Young | Early maturity Maturity | Late maturity | Senescence 
ef feo eo 4 gob Bec eb e 308 ena bag aia ef | 2.1.8 
f a | 
Soil plating technique | | 
F. culmorum 0-7 | 06 2-1 06 2-0 5-5 4-2 3-6 10°5 3:4 5°5 12-0 76 76 9-6 
F. avenaceum 0:0 0-0 0-7 0-0 0-4 0-0 1°8 12 1-0 0-0 2° 1-5 2-4 2-4 32 
Other Fusaria 0-0 0-0 1-4 0-0 0:8 0-0 0-0 08 145 0-0 0-0 0-0 05 0-0 16 
Soil box technique | 
F. culmorum | 0-0 0-0 0-0 0-0 2-2 2-4 2-4 24) 72 108 14-0 16°8 17°5 22-0 20-4 
F. avenaceum 0-0 0-0 0-0 2-7 0-0 2-4 2-4 2-4 4°38 0-0 23 4-2 0-0 0-0 5-1 
Other Fusaria 0-0 0-0 0-0 | 0-0 0-0 2-4 0-0 0-0 0-0 0-0 0-0 0-0 0-0 | 0-0 | 0-0 























material, and an increase in amount of Fusarium 
culmorum has been demonstrated to be associated 
with the degree of root decomposition’. 

Thus, under an oat crop which is approaching 
senescence, there appears to be developed in the soil 
a population of a potential pathogen which could 
have serious effects on a subsequent cereal crop, if the 
fungus is able to survive in sufficient amount in the 
soil. 

Full details regarding the qualitative changes in 
the fungal component of the rhizosphere population 
which accompany increasing age of oat roots will be 
published elsewhere. 

D. ParKrnson* 
C. G. C. CHESTERS 


Department of Botany, 
The University, 
Nottingham. 
April 18. 
* Present address: Hartley Botanical Laboratories, The University, 
Liverpool. 
1 Harley, 3° L., and Waid, J. S., Trans. Brit. Mycol. Soc., 38, 104 
(1955). 
? Parkinson, D., Symposium Methodes d’études microbiologique du sol 
(Louvain, 1957). 
* Sadasivan, T. S., Ann. App. Biol., 26, 497 (1939). 
‘Samuel, G., and Greaney, F. J., Trans. Brit. Mycol. Soc., 21, 114 
(19387). 


5 Waid, J. S., Trans. Brit. Mycol. Soc., 40, 391 (1957). 


Ultra-Violet Sterilization of Water used 
for rearing Oyster Larve 


In a recent communication, Aboul-Ela! directed 
attention to the possibility of using ultra-violet light 
for sterilizing water used for culturing larval organ- 
isms. During the past 18 months, this technique 
has been used with considerable success at this Lab- 
oratory when rearing larvee of Ostrea edulis. Sets of 
6 beakers each containing 1 1. of filtered sea water 
are sterilized by a 10-min. exposure under a 15-watt 
16-in. ultra-violet strip light. The larve are then 
introduced into the beakers, which are transferred 
to a rearing bath. 

In order to avoid the necessity for washing the 
larve, attempts were made to sterilize them and 
their surrounding water. Larve exposed in a l-cm. 
layer of water 25 cm. below the light source for periods 
of up to 8 min. were still active 18 hr. later. How- 
ever, after exposures in excess of 40 sec. the larve, 
which’ were immobile under the light, took an 
appreciable time to become active. For example, 
95 per cent of the larve were swi 10 min. 
after a 20-sec. exposure, but it took 25 min. before 
even 80 per cent became active after a 2-min. ex- 
posure. After an 8-min. exposure, it took 2 hr. before 
80 per cent were active. 


Plate counts indicated that a 2-min. exposure 
would be necessary to kill all bacteria associated with 
the larve. In May 1957 a 40-ml. suspension of 
approximately 1,750 larve was exposed for this time. 
The larve were then transferred to a litre of sterile 
water in the rearing bath. Several control beakers 
were also set up. All the larve were fed with Iso- 
chrysis galbana, which has so far proved the most 
successful food organism*. Penicillin and strepto- 
mycin were added to all beakers, to keep down any 
bacterial growthé. 

Growth of the larve was slow in all cases, but, 
after 10 days, the mean length of the controls had 
increased by 14:1 per cent, and that of the treated 
larve by 8-9 per cent. However, mortalities were 
11 and 47 per cent respectively. 

The preliminary results suggest that exposure to 
ultra-violet light can be harmful to larve, even though 
it does not result in their immediate death. How- 
ever, more carefully regulated doses may be useful 
in reducing the initial bacterial population introduced, 
along with the larve, into the rearing medium. 


G. Duncan WavuGH 


Fisheries Laboratory, 
Burnham-on-Crouch, 
Essex. 
April 22. 
1 Aboul-Ela, I. A., Nature, 181, 1013 (1958). 
2 Walne, P. R., Fish Invest., ii, 20 (9) (1956). 
3 Walne, P. R., Nature, 178, 91 (1956). 


Grain Weevils, Calandra granaria L. 
and C. oryzae L., reared on Irradiated 
Wheat 


Durine the course of an investigation into the 
susceptibility of grain weevils to y-radiation it was 
necessary to find out whether irradiation of the wheat 
(Manitoba No. 2) itself would affect its suitability 
as a culturing medium for grain weevils. The 
interaction of irradiation treatment with the 
quantity of grain and the depth of culture were 
also examined. 

Wheat (30 grains per gm.) was irradiated in a 
cobalt-60 source providing a dose-rate of 37 x 10* 
rads/hr. Cultures were maintained on preconditioned 
grain at 26°C. and 75 per cent relative humidity ; 
the minimum period of development from egg to 
adult was 33 and 28 days for C. granaria and C. oryzae, 
respectively. 

The effects of an irradiated diet on adults of 
C. granaria was first tested by retaining samples of 
fifty insects, 7-14 days old, for four weeks in jars 
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Table 1. 
mee Adult mortality (per cent) | No. of progeny 
e | = 
(rads) Weight of grain (gm.) 
x 
10 40 100 Mean 10 20 40 100 Mean 
0 40 59 8-1 6-0 303 592 871 1,381 787 
12-5 3-3 6-2 5-5 5-0 318 593 848 1,321 770 
25 5-0 70 8-3 6-8 306 592 889 1,348 784 } 
50 5-1 8-0 73 6-8 291 527 942 1,228 747 | 
Mean 4-4 6°8 73 305 576 888 1,319 | 
j 





























WEIGHT OF PROGENY (C. granaria) AND THEIR RATE OF EMERGENCE FROM DIFFERENT QUANTITIES OF IRRADIATED WHEAT 

















Table 2. 
| | 
Weight of progeny (mgm.) Rate of emergence (per cent) 
08e Ih 
—_ Weight of grain (gm.) 
x 
10 40 100 Mean 10 20 40 100 Mean 
0 2-33 2°56 2-70 2-53 74°8 68°4 60-7 59°3 65°8 | 
125 2-32 2-53 2-71 2-53 70-0 66 -2 61-2 62-4 65-0 
25 2-36 2°62 2-67 2-52 70-0 | 70-2 59-8 57-5 64°4 
50 2-36 2-55 2-71 2-54 72-4 64°8 63-2 58-4 64-7 
Mean 2-34 2-54 | 2-70 71°8 67-4 61-2 | 59-4 
a | 
































containing 10, 40 and 100 gm. of grain treated with 
0, 12-5, 25 and 50 x 108 rads. Treatments were 
replicated twelve times. The mortality of adults 
(Table 1) was unaffected by irradiation of the culture 
medium, but was 2-3 per cent higher (P < 0-01) on 
cultures of 100 gm. and 40 gm. than on cultures of 
10 gm. Similar differences in mortality have been 
noted when different numbers of adults have been 
retained on a standard quantity of grain. 

A second experiment with C. granaria was carried 
out to examine the effects of an irradiated diet on 
the yield in numbers, weight and rate of emergence 
of progeny. Batches of fifty egg-laying adults were 
placed to oviposit for four weeks on 10, 20, 40 and 
100 gm. of untreated and irradiated grain, treatments 
being replicated ten times. Records of adult emerg- 
ence were made 7 weeks after the beginning of 
oviposition, and again at 9 weeks when emergence 
was almost complete. The mean weight of the 
progeny was determined from samples of adults 
which were produced throughout the emergence 
period. The rate of emergence was found by calcu- 
lating the number of adults produced in 7 weeks as 
a percentage of the total recorded. Table 1 shows 
an increase in the production of progeny with the 
amount of culture medium; a significant relationship 
(r = + 0-999, P < 0-001) ‘between the logarithm of 
the weight of grain and the number of progeny was 
obtained. The weight of progeny (Table 2) increased 
markedly (P < 0-001) with the amount of culture 
medium whereas the rate of emergence was similar in 
cultures of 100 and 40 gm., increasing significantly 


Table 3. YIELD OF PROGENY (C. oryzae) AND THEIR RATE OF EMERG- 
ENOR AFTER OVIPOSITION ON —" NT DEPTHS OF IRRADIATED 



































HEAT 

| 
} Rate of emergence 
No. of progeny (per cent 
Dose 
| (rads) Depth of grain (cm.) 
; x 10° Mean 
| 1-0 2:5 3-2 Mean 
% 0 372 360 398 377 

Hy 5 375 390 398 388 89-0 
| 344 358 360 354 89-9 
| 50 845 | 363 | 377 362 90-2 
| Mean | 350 | 368 | 388 








(P < 0-001) in the smaller cultures. Tables 1 and 2 
show that none of these factors was affected by 
irradiation of the culture medium. Furthermore, 
there was no interaction between radiation treatment 
and the availability of grain. 

A further experiment was designed to investigate 
the effects of irradiated grain on the yield and rate 
of emergence of C. oryzae. Twelve samples of 1,000 
adults, 7-14 days old, were placed to: oviposit for 
24 hr. on 100 gm. of culture medium presented in 
three depths, 1-0, 2-5 and 3-2 cm., in jars of different 
dimensions. Each sample was afterwards used to 
infest each of the twelve treatments, thereby elim- 
inating differences in fertility between samples. 
After oviposition, the infested grain was transferred 
to standard 1-lb. jars, and records of progeny were 
made 5 and 7 weeks later. Table 3 shows that more 
progeny were produced following oviposition on the 
deepest cultures, but differences between treatments 
were not significant. The yield of progeny and their 
rate of emergence were unaffected by radiation treat- 
ment. 

These experiments have shown that grain treated 
with doses of up to 50,000 rads may be used for 
rearing C. granaria and C. oryzae without adversely 
affecting their development. Accordingly, the radia- 
tion susceptibility of the immature stages of these 
species may be examined by the treatment of eggs 
and larve in situ. It must be emphasized that these 
conclusions are based on short-term experiments. 
Our studies are now being extended to investigate 
the potential uses of insects for detecting changes 
in the nutritional value of foodstuffs when irradiated 
with doses of 0-1-1 megarad. Present evidence’ from 
experiments with Drosophila suggests that this upper 
dose limit is unlikely to have deleterious effects on 
insect development. 

P. B. CornNwELL 
D. M. Burson 


Technological Irradiation Group, 
Isotope Division, 
Wantage Radiation Laboratory, 
Grove, Wantage, Berks. 
April 10. 
1 Henderson, B. J., Baxter, R. C., and Tuttle, L. W., A.E.C. Report 
UR-488, University of Rochester, N.Y. (1957). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, June 23 


UNIVERSITY COLLEGE (in the Anatomy Theatre, Gower Street, 
London, W.C.1),at 5 p.m.—Prof. Jan Droogleever Fortuyn (University 
of Groningen): ‘“‘The Rhinencephalon with special reference; to Fishes’’.* 


Tuesday, June 24 


BIOCHEMICAL SootEty (in the Department of Biochemistry, The 
Se Tennis Court Road, Cambridge), at 11 a.m.—374th 
eeting. 


COUNCIL FOR THE PRESERVATION OF RURAL ENGLAND (at the Royal 
Institute of British Architects, 66 Portland Place, London, W.1), at 
2.30 p.m.—Annual General Meeting. 


Tuesday, June 24—Thursday, June 26 


INSTITUTION OF CHEMICAL ENGINEERS, and the INSTITUTE OF 
PETROLEUM (at Olympia, London)—Joint Symposium on “The 
Organization of Chemical Engineering Projects” (17th Meeting of the 
European Federation of Chemical Engineering). 


Wednesday, June 25 


GEOLOGICAL SocIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Dr. I. M. Simpson: “The Pleistocene 
Succession in the Stockport and South Manchester Area”; Mr. 
W. G. E. Caldwell: “The Lower Carboniferous Rocks of the Carrick 
Syncline (Ireland)”’. 


RoyaL Socrety OF MEDICINE, ENDOCRINOLOGY SECTION (at 1 
Wimpole Street, London, W.1), at 5 p.m.—Prof. Charles H. Best 
(Toronto): “The Future in the Field of Diabetes”. 


CHALLENGER Soctgety (at the Linnean Society, Burlington House, 
Piccadilly, London, W.1), at 5.45 p.m.—Dr. Anna M. Bidder: “‘Squids 
in Mid-Ocean”. 


Friday, June 27 


SoclgTY FOR BNDOORINOLOGY (at the Royal Society of Tropica 
Medicine and Hygiene, Manson House, 26 Portland Place, London. 
W.1), at 5.30 p.m.—Prof. O. Miihlbock (Amsterdam): “The Hor- 
monal Genesis of Mammary Cancer’’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : : 

LECTURER IN ORGANIC CHEMISTRY at Birkenhead Technical College 
—The Director of Education, Birkenhead Education Committee, 
63 Hamilton Square, Birkenhead (June 25). 

ASSISTANT (Grade 'B) IN TELECOMMUNICATIONS AND ELECTRONICS 
ae Clerk to the Governors, Woolwich Polytechnic, London, 8.E.18 

une 28). 

BIOCHEMIST (with a background of organic chemistry) or an 
ORGANIC CHEMIST (with biochemical inclinations) IN THE DEPART- 
MENT OF INSECTICIDES AND FUNGICIDES, to work primarily on the 
causes of increased resistance of insects to insecticides—The Secretary, 
Rothamsted Experimental Station, Harpenden, Herts, quoting Ref. 
1051/13 (June 30). 

LECTURERS and ASSISTANT LECTURERS (with a good honours degree 
and teaching experience) IN MATHEMATICS at the Royal Technical 
College of East Africa, Nairobi—The Council for Overseas Colleges, 
12 Lincoln’s Inn Fields, London, W.C.2 (June 30). 

PROFESSOR OF ENGINEERING PHYSICS or PROFESSOR OF ELECTRICAL 
ENGINEERING at the Middle East Technical University, Ankara— 
Room 139, Foreign Office, London, 8.W.1 (June 30). 

RESEAROH STUDENT, to undertake a stratigraphical and mineralogical 
study of the fire-clays of the South Wales Coalfield under the super- 
Vision of the Professor of Geology—The Registrar, University College, 
Swansea (June 30). 

SENIOR RESEARCH STUDENT IN EITHER ENGINEERING OR CHEMICAL 
ENGINEERING OR METALLURGY—The Registrar, University College, 
Singleton Park, Swansea (June 30). 

RESEARCH STUDENTS (with the degree of Batchelor or Master of a 
British University other than Manchester) IN SclENCE—The Registrar, 
The University, Manchester 18 (July 1). 

_ LECTURER IN THEORETICAL Puysics—The Registrar, The Univer- 
sity, Manchester 13 (July 5). 

LECTURER or ASSISTANT LECTURER IN BIOCHEMISTRY—The Regis- 
trar, The University, Leeds 2 (July 7). 

LECTURER IN ENTOMOLOGY IN THE DEPARTMENT OF ZOOLOGY— 
The Registrar, The University, Hull (July 12). 

LECTURER or RESEARCH ASSISTANT IN BACTERIOLOGY AND VIRUS 
DIsEASES—The Registrar, The University, Sheffield (July 12). 

SENIOR LECTURER IN THE DEPARTMENT OF AGRICULTURAL BOTANY 
—The Registrar, University College of Wales, Aberystwyth (July 12). 

AGRICULTURAL CHEMIST or BIOCHEMIST (with a good honours 
degree) IN THE NUTRITION SECTION of the — Research Centre 
Edinburgh—The Secretary, Agricultural Research Council, Cunard 
Building, 15 Regent Street, London, 8.W.1 (July 15). 

ASSISTANT LECTURER or LECTURER {preferably with an interest in 
entomology or protozoology) In ZOOLOGY at the University College of 
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Ghana—tThe Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn , London, .1 (July 20). 

JUNIOR RESEARCH OFFICER bese ying Age oa with some training 
in pathology, or a special interest in this subject, and preferably a 
knowledge of, or aninterestin, parasitology) AT THE EQUINE RESEARCH 
Station, Newmarket—The Scientific Director, Animal Health Trust, 
14 Ashley Place, London, 8.W.1 (July 30). 

ASSISTANT T0 THE READER IN GEOGRAPHY—The Registrar, Trinity 
College, Dublin (July 31). 

LECTURER IN INORGANIC OR PHYSICAL CHEMISTRY at the Univer- 
sity of Otago, Dunedin, New Zealand—The tary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
Lendon, W.C.1 (New Zealand, My 4 $1). 

LECTURER IN MATHEMATICS at the University of Natal, Durban, 
South Africa—The Secretary, Assoelation of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (South 
Africa, July 31). 

NATIONAL COAL BOARD POSTDOCTORAL FELLOW IN PHYSICAL 
CHEMISTRY, for research work in connexion with the study of solids 
+ number of techniques such as mass spectroscopy—The Registrar, 

e University, Edgbaston, Birmingham 15 (July 31). 

SCIENTIFIC ASSISTANT (with a degree in biological sciences and a 
knowledge of foreign languages) AT THE COMMONWEALTH BUREAU OF 

T BREEDING AND GENETICS, Cambridge, for abstracting and 
reviewing biological literature—The Director, Commonwealth Agri- 
cultural Bureau, School of Agriculture, Cambridge (July 31). 

SENIOR LECTURER or LECTURER IN PuHysics at the University of 
Otago, Dunedin, New Zealand—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (New Zealand, July 31). 

CHAIR OF BIOCHEMISTRY—The Secretary, The University, Edin- 
burgh (September 1). 

BIocHEMIsts (preferably with some experience in bacteriological 
technique) IN THE BACTERIOLOGICAL DEPARTMENT of the Dairy 
Research Institute (N.Z.), Palmerston North, New Zealand, for 
research into cheese ripening problems—The Secre (Ref. 48/15), 
National Institute for Research in Dairying, Shinfield, Reading. 

CHEMIST or METALLURGIST (with a degree or equivalent qualifica- 
tion in chemistry or metallurgy) IN THE CHEMISTRY DEPARTMENT 
in London, for research on corrosion and the investigation of industrial 
eorrosion problems relating to iron and steel—The Personnel Officer, 
British Iron and Steel Research Association, 11 Park Lane, London, 
W.1, quoting “C.C.1.”. 

LECTURER IN THE NUCLEAR TECHNOLOGY SECTION of the Chemical 
Engineering Department, for duties which will include teaching and 
research in radiochemistry and radiation chemistry—Prof. P. ¥y 
Danckwerts, Chemical Engineering Department, Imperial College, 
London, 8.W.7. 

LECTURERS (graduates in chemical engineering, physical chemistry 
or mechanical engineering) IN CHEMICAL ENGINEERING—The Deputy 
Registrar, The University, Birmingham 15. 

METALLURGIST (British of British parents, with an honours degree 
in metallurgy or A.I.Met. or equivalent, and with industrial rience 
in ferrous and non-ferrous metallurgy) at the Ministry of Supply Royal 
Ordnance Factory, Birtley, for research and deveiopment work in 
connexion with new ammunition manufacturing processes involving 
hot and cold SS extrusion of ferrous and non-ferrous materials 
—The Ministry of Labour and National Service, Technical and Scien- 
ey ea (K), 26 King Street, London, 8.W.1, quoting Ref. 


PHYSICIST or PHYSICAL CHEMIST (with a first- or good second-class 
honours degree and preferably with previous biological r 
experience), for work on adh in relation to wound dressings— 
The Secretary, Department of Biomechanics and Surgical Materials 
Institute of Orthopedics (University of London), Royal Nationai 
Orthopedic Hospital, Brockley Hill, Stanmore, Middlesex. 

PuHYSICIST, Senior grade (with a first- or second-class honours di 
in physics, and preferably some experience in medical pee icy 
IN THE PHYSICS DEPARTMENT—The House Governor, King’s College 
Hospital, Denmark Hill, London, 8.E.5. 

PRINCIPAL LECTURER IN APPLIED MICROBIOLOGY—The Secretary, 
Royal College of Science and Technology, Glasgow. 

RADIOCHEMIST (with at least Ph.D. without postdoctorate ex- 
perience) IN THE X-RAYS AND NUCLEAR RADIATION LABORATORY, 
for work which will include the preparation and maintenance of 
radioactive standards—The Director, Division of Applied Physics, 
National Research Council, Sussex Drive, Ottawa, Ontario, Canada. 

READER, SENIOR LECTURER, LECTURER, and ASSISTANT LECTURER 
(Grade B) IN THE DEPARTMENT OF APPLIED PHysics—The Secretary, 
Bormemerce College of Advanced Technology, St. John Street, 
London, E.C.1. 

RESEARCH ASSISTANT, for gma og and theoretical studies in 
telecommunications, particularly speech and aural perception—Dr. 
E. C, Cherry, Electrical Engineering Department, Imperial College, 
London, 8.W.7. 

RESEARCH ASSOCIATE (with a Ph.D. in physical, colloid or inorganic 
chemistry), for work concerned with the determination of molecular 
weights of complex inorganic compounds and the particle size of 
colloids by light scattering, electron microscopy, and other physico- 

hemical techniq Prof. Milton Kerker, Clarkson College of Tech- 
nology, Potsdam, N.Y., U.S.A. ~ 

RESEARCH ASSOCIATE (Ph.D., M.D. or equivalent), mainly for 
independent research in the areas of automatic or cardiovascular-renal 
prmeey and pharmacology or pharmacodynamics—Dr. Mark 

ickerson, a of Pharmacology and Therapeutics, University 
of Manitoba, Winnipeg, Manitoba, Canada. 

SENIOR LECTURER (with a good honours or higher Ses. corporate 
member of the Institute of Physics, and teaching as well as industrial 
and/or research experience) IN APPLIED PHysics—The Clerk to the 
Governors, Mid-Essex Technical College and School of Art, Market 
Road, Chelmsford, Essex. 

TECHNICAL ASSISTANT (either with experience in radiochemical 
techniques or a sufficiently good educational background, particularly 








d, 
in physics and/or chemistry, to enable them to uire this know- 
ledge) in the newly extended Radiocarbon Dating Labora 
H. Godwin, Rotany School, Cambridge. 


tory—Dr. 
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dnalysis. By J. M. M. Hill, Pp. 29. (Reprinted from Human 
Vol. nc 8.) (London: Tavistock Publications, Ltd., 1988, 
3s. 
, Foals and Foaling: a Handbook for the Small Breeder. 
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Chelsea Polytechnic, Sixty-second Annual Report, Session 1956-57. 
Pp. 33. (London: Chelsea Polytechnic, 1958.) 164 
Ethical and Political Problems of the ‘Atomic Age. By Carl-Friedrich 
von Weizsicher. (The Burge Memorial] Lecture delivered in the Bishop 
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(London: Student Christian Movement Press, Ltd., 1958.) 2s. net. [164 
Function Fluctuation. By Prof. Charles C. ‘Anderson. (British 
Monograph grey No. ie Pp. —— 


Journal of P: 

(Cambridge: At > ae a ag a 958.) 21¢. n 164 
The Computer No. 1 (April 1988). et xvi + 48. 
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Ministry of Power. Reports of H.M. Inspectors of Mines under the 
Coal Mines Act, 1911, for 1956. West Midland and Southern Division. 
By J. E. Henshaw. p. ii+24+2 plates. (London: H.M. ony 
Office, 1958.) 28. 6d. net. 

Rothams aot Sepertmentel Station. The Park Grass Plots at Rotham- 
sted, —— By Dr. Winifred E. Brenchley. Revised by Dr. K. 
Waring’ . vili+144+6 tables. (Harper‘en: Rothamsted 
Ex ~ ome Station, 1958.) [164 

he Story of the B.B.C.: The British Broadcasting Corporation 
in Its Thirty-sixth Year as a National Public Service Broxdcasting 
Cogentaation, Pp. 32. (London: British Broadcasting Cupeseiien. 
1958. 

Phitosop hical Transactions of the Royal Society of London. 
B: Biological Sciences. No. 681, Vol. 241 (10 April 1958): KExperi- 
mental Evidence for a New Genetic Phenomenon. By Margaret E. 
Wallace. Pp. 211-254. (London: The Royal Society, ow Lag. = 


British Computer’ Society, tier’ 


Series 


Abstracts of Dissertations approved for the Ph. M.&e., 
M. Litt. Degrees in the we of Cambridge duriag the ‘Acadsmienl 
Year 1954-55. Pp. xviii+261. (Cambridge: Beard of Research 
ae iy The University, 1958.) [164 


BC Engineering Monograph No. 16: Analysis and Measurement of 

FR ac a Part 1: Investigation of Extreme Vaiues of 
Sound Pressure. By D. E. L. Shorter and W. I. “anson. Part2: A 
oer “-. Hy an Optica Instrument for Monitoriig Sound Signals. 
EL R.W Pp. 31. (London: British agape: 4 
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Piss. 5a. 
18sa) es County Council: Technical Library Service. Micro- 
texts and Micro-recording : The papers and discussicn oi a Symposium 
held at Hatfield Technical College on the 14th ome. 1958, under 
the Castrmeas | of County Councillor T. G. Mercer. 27+16 


figures. — County Technical Librarian, Haitield echnical 
Coll 58.) 

F ai. = of British Industries. The Forty-first Annual Re Ly for 
the year ending December 31,1957. Pp. vi+43. (London: F eit7 


of British Industries, 1958.) 
Research Defence Society. Conquest Pamphlet No. 5: pane 


Outstanding Questions Posed and Answered by the yee Defence 
Society. Pp. 6. (London: Defence Society, 1958.) 6d. [164 
Mh ye of Northern Ireland: Ministry of Agriculture. Leaflet 

. 21: Portable Poultry Housing. Pp, 14. (Belfast: Ministry of 
pot Ma 1958.) hes 


Other Countries 


Université di Milano: Istituto di Chimica Industriale. Pubbli- 
cazioni degli Anni Academici dal 1924-25 al 1954-55. Pp. 175. 
: Universita di Milano, 1958.) (24 

Research : National Research Counci!, Ottawa. 

: Soil, Prepared by R. F. Legget 
(Ottawa: National p Mok 4 Council, 
4 


1958. ) 10 cents. 3 
H Cc , Vol. 1, Fase. 1, 1957. Pp. 60+20 plates. 
Published quarterly. oe Ill Klinika ae Wewnetrzn. oar 
Akademii it Medyezne Kopernika 17, 1957.) Cena zl. 16. 
¢ Lnsurance Cor mpany. Sta! tistical Bulletin, Vol. $0 
5); Ninety ear of Recent Population 
ealth and Accident Hazards in Industry. 
Outlook in Cerebral Vascular Disease. Pp. 12. (New York: Metro- 
politan Life Insurance Company, 1958.) 


U.S. ment of Comm: Weather Bureau. Technical Pape: 
No, 15: mum Station Precipitation for 1, 2, 3, 6, tree and M4 
hours. Part 21: Illinois. . 11+99. (CW: ngton, ’D. *Govern- 
— Printing Office, 1 cents. iis Cabins © purl 

juropean uc of the ion for pean 
Economic Co-operati Age on Rural Home Economics 
- Europe. (Project No, 394.) Pp. 40. 300 French francs; 4s, . 
Services in Europe and ica, 
i007: of the I ional Working Conference of Directors 
and Senio- Offi tural Advisory Services in Member an 
Associate Vountries, held at O.E.E.C. Headquarters, Paris, June 1957. 
Par OE tt of the Organ f 
3: Buropean ion for 
Economic Co-operation ; ndon : 8 
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Republic of the Sudan. Ministry of Agriculture: Forests at 

ment. Report for the period July 1955 to June 1956. Pp. iv+86. 

(ieanteen Ministry of Agriculture, Forests Department, 1957.) [164 
8: 


Smithsonian Contributions to Astrophysics Vol. 2, No Sun- 
spots and Geomagnetism. By Barbara Bell and Harold Glaser. Pp.ii+ 
yp (Washington, D.C.: Government Printing Office, _ 

cents 

Fisheries Research Board of Canada. Bulletin 117: Nisiieds o 
Guiding Young Salmon at Two British Columbia Field Stations. By 
J. R. Brett and D. F. Alderdice. Pp. viii+75. (Ottawa: Queen’s 
Printer, 1958.) 75 cents. 164 

Museum of Comparative Zoology at Harvard College. Breviora. 
No. 82 (January 31, 1958): The Trunk Musculature of Sanzina and 
Its Bearing on Certain Aspects of the Myological Evolution of Snakes. 
By Walter Auffenberg. Pp, 12. No. 83 (January 29, 1958): Tham- 
nophis bovallit Dunn Rediscovered (Reptilia, Serpentes). By Benjamin 
Shreve and Carl Gans. Pp. 8. No. 84 (January 30, 1958): Redis- 
covery of the Australian Chelid Genus Pseude mudura owe aag 


(Chelidae, Testudines). By Ernest E. Williams, s plates. 
No. 85 (January 31, 1958): The Choanal Papillae of the Gitelontdae 
By Thomas 8. Parsons. Pp. 5+2 plates. (Cambri : Museum 


of Comparative Zoology at Harvard College, 1958. ¥ [164 
Bulletin of the Museum of Comparative Zoology at Harvard College. 
Vol. 117, No. 5: Triassic Reptile Footprint Faunules from Milford, 
New Jersey. By Donald Baird. Pp. 449-520+4 plates. (Cambridge, 
: Museum of Comparative Zoo ogy at Harvard College, 1957. y{164 

Proceedings of the Fourth Annual Computer Applications Sym- 
posium, October 24-25, 1957. (Sponsored by Armour Research 
Foundation of Illinois Institute of Technology.) Pp. x +126. (Chicago, 
Ill.: Armour Research Foundation of Illinois Institute of we, 
1958. ) 3 dollars. 164 

Sandia Corporation, Albuquerque. The Determination, Application, 
and Limitations of Circuit Reliability Equations. By R. 0. _. 
(Sc-3288 TR.) Pp. 47. (Washington, D.C.: Office of Technical S rr 
vices, Department of Commerce, 1954.) 1.50 dollars {16 

Books for a College Student’s Reading: The Trinity ‘College Booblist. 
By Dr. Harry Todd Costello. Fifth edition, largely re-written. TD. es 
133. (Hartford, Conn.: The Trinity College Press, 1958. 1.50 
dollars. [164 

Forest Research in India, 1954-55. Part 2: Reports from Burma 
and — States. a ii +186. (Delhi: Manager of Publications, 
1957.) Rs. 41/2/-; [16 
Bulletin of the Pb nl Museum of Natural History. Vol. 114, 
Article 4: Ovarian Morphology and Early Embryology of the Pedi- 
culate Fishes Antennarius and Histrio. By Priscilla Rasquin. Pp. 327- 
372 +plates 47-74. 1.50 dollars. Vol. 114, Article 5: On the Biology 
of the Atlantic Marlins, Makaira ampla (Poey) and Makaira albida 
(Poey). Scales of the Atlantic Species of Makaira. By Francesca R. 
La Monte. Notes on the Alimentary, Excretory, and Reproductive 
Organs of Atlantic Makaria. By Francesca R. Monte. Relative 
Weights ofsome Viscerain the Atlantic Marlins, By Louis A. Krumholz. 
Some Foods of Marlins near Bimini, Bahamas. By Louis A. Krumholz 
and Donald P. de Sylva. Juvenile Boue Marlin, Makaira amplia 
(Poey) from Miami, Florida, and West End, Bahamas, By Donald 
P. de Sylva. Pp. '373- 416 +plates 75-82. ‘1 dollar. (New York: 
American Museum of Natural History, 1958.) [164 

Bulletin of the Florida State Museum, Biological Sciences. Vol. 2, 
No. 8: A List of Florida Fishes and Their Distribution. By John C. 
Briggs. Pp. 223-318. (Gainesville, Florida: Florida State Museum, 
1958.) 1.29 dollars. 164 

New Zealand Meteorological Service. Meteorological Observations 
for 1953. Pp. 82. Meteorological Observations for 1954. Pp. 84. 
(Wellington : Government Printer, 1957.) 164 

National Academy of Sciences—National Research Council. Digest 
of Literature of Dielectrics. Vol. 20,1956. Edited by John D. iy TIE 
and John Hart. Pp. xi+237. (Publication 562.) (Washington, D. 
a Academy of Sciences—National Research Council, 188.) 

ollars. 

Indian Council of Medical Research. Annual Report of the Nutri- 
tion Research Laboratories, Coonoor, S. India, for 1956-1957. Pp. +p 
55. (Coonoor: Nutrition "Research Laboratories, Indian Council of 
Medical Research, 1957.) [164 

The Pasteur Institute of Southern India, Coonoor. Annual Report 
of the Director, 1956 and Scientific Report, 1957. Pp. 82. (Coonoor: 
The Pasteur Institute, 1958.) 164 

Canada Department of Agriculture: Science Service. Publication 
1015: Chemical Asnects of Ecology in Relation to Agriculture. By Dr. 
Hubert Martin. Pp. 96. (Research Monograph 1, Science Service 
Laboratory, Gatverstigr Sub Post Office, London, Ontario.) (Ottawa: 
Queen’s Printer, 1957.) 3 dollars. [164 

Uganda Electricity Board. Tenth Annual Report and Accounts 
for the year ended 3lst December, 1957. Pp. 48. (Kampala 
London: Uganda Electricity Board, 1958.) 5s. [164 
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THE ARROW —_! 
PROJECTION TORCH 





The Arrow Projection Torch is de- 
signed for use wherever teaching 
is accompanied by screen illustra- 
tion. An arrow of high intensity 
illumination is projected, and may 
be focused to any distance from 
6 to 40 feet. 


rr 


A descriptive and illustrated pam- 
phlet is available and this will be 
gladly sent on request. 


RAYNER 


100 NEW BOND STREET, LONDON, W.1 
Telephone GRO 5081 




















Enbeeco 


PORTABLE 
MICRO 
PROJECTOR 


The use of standard precision- 
made British a Mae eigen 


Stepicey aes e 
8 in its 
robust lantroanane ie "to be be offered 


at a price well within ty reach 
of all. 


© Projection : 38mm. Leech 
os microscopic objec- 
tive. 


© Spiral focusing movement. 

@ Wlumination: I2¥. 100 watt 
twin pillar vertical centre pro- 
jection bulb. 

@ 50x enlargement at 6’; 100x 
at 12’, 

@ Operative from mains current 
200-250 v. A.C, 

@ Even and brilliantly i!luminated 

‘eid. : 
@ Price £27.10.0 


Fuller details gladly sent on request, 


NEWBOLD ;& BULFORD LTD. 


ENBEECO HOUSE, ROGER ST., GRAY’S INN RD., W.C.1 
TELEPHONE : CHA 5614 (3 lines) 














©@e. 


FBC 
MINIATURE 
BEARINGS 


range in size from |°5 mm. o.d. 
to 10 mm. o.d. Some are made 
with open cups which allow 
clearance for spindleextensions, 
ranging from 0°25 to 2 mm. 
Full particulars and sizes are 
available on application. 


The bearings illustrated 
are actual size. 


ALL- F.B.C. FISCHER 
BRITISH Regd. Trade Marks 


FISCHER BEARINGS CO. LTD. WOLVERHAMPTON 














ZENITH 


(REGD, TRADE-MARK) 


Automatic 
VOLTAGE REGULATORS 


with Electronic Control 


Essential for many purposes 
where a constant pre-determined 
supply voltage is required, these 
Regulators are designed 
to give a controlled 
output voltage 
within 1% with 
input voltage var- 
iations up to plus 
or minus 10%. 
Manufactured for 
single- and three- 
phase loads from 
5 up to 23 kVA 
per phase. 
Iilustrated brochure 
free on request. 


The ZENITH ELECTRIC CO. Ltd. 
ZENITH WORKS, VILLIERS RD., WILLESDEN GREEN 
LONDON, N:W.2 
Phone : WILiesden 6581-5 Grams; Volttaohm, Norphone, London 

MANUFACTURERS OF ELECTRICAL EQUIPMENT 
INCLUDING RADIO AND TELE\ISION COMPONENTS 
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BAKER 


INTERFERENCE 
MICROSCOPE 


— the most 
important 
advance 
in microscopy 
of recent years 


PHOTOMICROGRAPHIC 
CAMERA for 35 mm. film 


C. BAKER of Holbom LTD. Write for full details of our extensive 
range of Photomicrographic Apparatus 


METRON WORKS, PURLEY WAY 
CROYDON, SURREY 
CROydon 3845-6-7 R. & J. BECK LTD. 
69/71 MORTIMER STREET, LONDON, W.! 


GRANT 


THE STANDARD LABORATORY WATER BATH 











Range 10°C. to 100°C. 
Sensitivity + 0-25°C. 
Propeller or pump stirring. 
Stainless steel] tanks. 
Prices £27 5 0 to £32 0 0. 
All accessories available. 

12 months guarantee. 


SB2 bath, 
18" x & x 74" 
£28 10 0 


GRANT INSTRUMENTS 


BARRINGTON, CAMBRIDGE 
Telephone: HARSTON 528 


i Great Britain by FisHer, KniGut & Co., Ltp., The Gainsborough Press, St. Albans, and published by MACMILLAN & Co., LimITED, 
at St. Martin's Street, London, W.C.2, and St. MaRTIN’s Press, INC., 103 Park Avenue, New York 17, N.Y., U.S.A.—Saturday, June 21, 1958. 











